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A DELPHI STUDY TO EVALUATE THE ABILITY OF 
TECHNOLOGY EDUCATION TO PROMOTE 
TECHNOLOGICAL LITERACY 
Kurt Ralph Helgeson 
This study was to develop a technology education course 
curriculum that would promote technological literacy. The 
curriculum, based on the Minnesota Plan for Industrial 
~ Technology Education (1984), was evaluated through the use 
of a Delphi study. 
A review of the literature was conducted to identify 
the changing needs of society, new educational needs of 
society and identification of concepts of technological 
literacy. In addition, disciplines addressing technological 
literacy, methods of curriculum evaluation and expert with 
regard to technology education were identified through the 
literature review. 
The curriculum evaluation was accomplished through a 
two round Delphi Study involving a panel of nine technology 
education teachers. Members of the panel were selected due 
to their involvement in the development of the Minnesota 
Plan for Industrial Technology Education (1984) and/or an as 
officer in the Minnesota Technology Education Association. 
The evaluation of the curriculum indicated that the 
curriculum would promote technological literacy if 
implemented into a classroom. The mean of the evaluations 
were 3.90 for production, 3.78 for transportation, 3.91 for 
communication and 3.87 for energy/power using a five point 
Likert scale for the evaluation of each activity. The 
curriculum should be implemented into the educational 
setting for further evaluation in promoting technological 
literacy. 
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The creation of technology is uniquely a human 
enaeavor ana a aistinguishing characteristic of our 
aeveloped civilization. Technology is the application of 
organized knowleage ana problem solving techniques. It 
consists of inventions, innovations ana other creative 
aevelopments for producing physical objects and performing 
technical services. Technology involves the resources, 
tools, machines, processes and systems that are needed for 
satisfying the material needs and desires of people. It 
includes the processes of design, engineering, invention, 
research, experimentation, development, production and 
control of technical means. The development and 
application of technology has occurred primarily in 
industry. Both technology and industry have provided 
benefits and problems for our culture and the environment. 
Using components of industry and technology as a content 
base, experiences in technology education have been planned 
and implemented throughout the primary and secondary 
schools (Cuetara, 1988, p. 43). 
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The world of the future will not be based on an 
industrial economy as it has been since the industrial 
revolution. It will become increasingly important to study 
technology in schools. The study of technology will enable 
future citizens to understand their technical society and 
control those situations that have had and will have an 
impact on their and others' futures (Ritz, 1981, p. 2). 
Waetjen (1987) recommended: 
An educational revolution that would emphasize the 
major characteristics of our society. Schools are 
created by a people to perpetuate the important 
aspects of society •••. The American society has 
three major characteristics: It is democratic by 
choice and persuasion; it is technological in nature; 
and it is an educated society. (pp. 28-29) 
A technological society requires new forms of 
literacy. It is critical in a democratic society that all 
citizens function effectively as free and responsible 
members of the society. All members must understand the 
relations among various technical systems and human 
affairs. Today, educators from all areas are addressing 
the study of technology as a part of basic education and 
the new liberal arts. The new form of literacy being 
called for is technological literacy (Devore, 1983, p. 11). 
Schools have had limited success with curricula which 
would provide students with experiences in applying 
mathematics and scientific principles in problem situations 
representative of society. Jennings (1988) wrote: 
Many youth lost the motivation to continue their 
education because of their experiences with school 
curricula that held virtually no connection with the 
real world and its rapidly advancing and highly 
technological living conditions. (p. 2) 
Technology education focuses on a systems approach to 
develop an understanding of technology. The systems of 
communication, construction, manufacturing, energy and 
transportation provide broad content areas of study. 
Technology education provides a link in assisting students 
to understand, live and work in an advanced technological 
and information based society. The interdisciplinary 
nature of technology education also helps students to 
comprehend and apply the natural sciences, social sciences 
and humanities (Cuetara, 1988, p. 43). Wright (1980) 
wrote: 
Our new approach should be interdisciplinary and 
address the technical and social/cultural issues that 
are essential contributing factors towards a better 
understanding of technology ..•. Understanding 
technology can help people to better cope with rapid 
change and to become knowledgeable consumer/decision 
makers in the future. It is the decision-making 
process about technological development that makes 
technological literacy paramount to basic education. 
(pp. 35-37) 
By including technology education as a part of basic 
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education, students will have the opportunity to understand 
the impact of technology on the society in which they live. 
This includes assessing changes resulting from technology. 
As Waetjen (1985) has indicated: 
The risk for our society is to underestimate the 
importance of the assessment of technological change 
or to assume that the assessment is entirely a 
scientific process .•.. A central role of an 
educational institution is to offer a curriculum that 
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gives its students a basic understanding of the 
society in which they live. Proceeding on that 
premise, it is logical to assume that in a democratic, 
technological society, the curriculum would strongly 
reflect those characteristics. 
Almost all areas of the curriculum contains 
information about the democratic form of government in 
the United States. The same cannot be said about 
technology. People are becoming out of touch with a 
fundamental aspect of their society because our 
educational institutions impart so little 
understanding of its technological base. (p. 9) 
A holistic approach is employed in technology 
education. Each student is actively involved in 
classroom/laboratory activities that develop knowledge, 
skills and attitudes regarding industry and technology. 
Emphasis has been given to nurturing leadership, 
communication, social interaction, problem solving and 
manipulative skills. Personal and social growth are 
fostered through interaction with other students in the 
laboratory and in student technology education 
organizations (Cuetara, 1988, p. 43). 
The International Technology Education Association has 
indicated in the videotape Technology Education: The New 
Basic (1988) that a technology education program must be: 
1. Based on technical systems; 
2. Knowledge based; 
3. Deal with social and cultural impacts of 
technology; 
4. Activity based; and, 
5. Provide interdisciplinary learning. 
Lisensky (1985) stated: 
The critical task in directing our technological 
future will be to understand the tradeoffs in regard 
to resources, risks and social values. To do that, 
students must become aware of how science, technology 
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and society interact. To this end, liberal arts 
colleges need to include the "third culture"--the 
artifact world, and its complex technological 
system--as an integrated part of their curriculum. (p. 
6) 
Technology should be used as one of the integraters or 
themes that would be taught throughout the entire 
curriculum. This could help students to develop a better 
understanding of the impact of technology on social change. 
As adults, these students would then have an understanding 
and assess the influences of technology on life-styles 
(Waetjen, 1985, p. 9). 
Jennings (1988) has indicated that: 
The United States faces the prospect of its children 
not experiencing the 'good life' if an acceptable 
level of technological literacy is not achieved. If 
the new generations of children in our schools do not 
have the opportunity to develop a higher degree of 
technological literacy than in the past, our nation 
w i 11 certainly be ' at r is k • ' ( p. 2 ) 
The understanding of the technical systems is critical 
as a basis for determining public policy and the management 
and control of technological systems. The problem has been 
the public education's failure to address the issue of 
technological literacy. A large part of our population may 
be totally ignorant of the technical systems; their 
creation, evolution, capabilities, operations and 
limitations. Devore (1983) wrote, "Most live with 
perpetuated myths and folk knowledge that detract from true 
understanding" (p. 13). 
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It is important that innovative curricula be developed 
for the curriculum area of technology education. Maley 
(1987) wrote: 
We must consider a majo~ goal: achieving technological 
literacy. This raises the issue of what schools can 
do to develop in the citizenry a reasonable degree of 
technological literacy. This is a pressing problem 
that will require our best thinking and perhaps a 
movement into new and different forms of content 
involvement. (p. 47) 
STATEMENT OF THE PROBLEM 
The problem of this study was to develop a technology 
education course curriculum that would promote 
technological literacy as a part of general education. 
STATEMENT OF THE PURPOSE 
The purpose of this study was to: 
1. Identify the concepts of technological literacy 
through a literature review of the curriculum 
areas of liberal arts, science and technology; 
2. Develop a curriculum based on technology 
education, the concepts of technological 
literacy, the Minnesota Plan for Industrial 
Technology Education (1984) and have this 
curriculum reviewed by selected technology 
educators within the Department of Industrial 
Studies; 
3. Identify selected experts in the curriculum area 
of technology education at the middle school, 
junior high and senior high school levels to 
participate in a three round Delphi study. 
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4. To allow the selected experts to evaluate the 
revised course curriculum and teaching strategies 
which would promote the study of technology and 
the concepts of technological literacy; and, 
5. Provide information on the results of the Delphi 
study. 
STATEMENT OF THE NEED 
While the calls for technological literacy are 
numerous and varied, technological literacy has been 
promoted as a means to lessen the impact of technological 
change on people and society. To fully function as a part 
of a democratic society, citizens should be technologically 
and scientifically literate. Citizens in a democratic 
society will need to know about and understand the 
performance of various technological systems, sub-systems, 
and artifacts, so they can participate effectively in 
determining and controlling their collective futures. 
Devore (1984) wrote: "A technologically illiterate 
citizenry will promote the demise of democracy and place in 
control an elite group of people who, by default, will 
control the processes of public and private life" (p. 9). 
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Devore (1988) noted: 
Our future and the future of those who follow are 
being determined by choices made today by citizens 
throughout the world, individually and collectively. 
The evidence is that we are not well prepared to make 
the decisions that are compatible with long-term 
sustainable futures. Our track record is flawed. The 
long-term projections of a future based on the current 
dominant world view are bleak. The evolving paradigm 
holds promise. Healthy communities in healthy 
bioregions on a healthy Earth are healthy for humans 
and all living creatures •••. The focus of 
technology education now and in the future must be on 
the design and operation of systems that contribute to 
this goal. (p. 42) 
Devore (1985) identified four essential elements of 
technological literacy. These elements included: 
1. The history, evolution, nature and development of 
technical means including knowledge of the 
people, places and cultures where the means were 
invented and developed: 
2. Knowledge and understanding of the processes of 
invention and innovation including experience in 
the process: 
3. Knowledge and understanding of the behavior of 
adaptive systems and subsystems such as 
communication, production and transportation 
including the tools, machines, materials, 
techniques and technical means used in these 
systems: and, 
4. Knowledge and understanding of the behavior of 
various technical elements and adaptive systems 
and the assessment of the impact of these 
elements and systems in relation to human beings, 
society and the environment. (p. 24) 
The International Technology Education Association 
(!TEA) has identified as their primary goal to provide a 
philosophical foundation for the study of technology. The 
organization will also provide teaching and learning 
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systems for developing technological literacy (Professional 
Improvement Plan, 1990, p. 6). Gilberti (1989/1990) wrote: 
In reference to the curriculum area of technology 
education, technology educators can make a 
contribution for the education of technological 
literacy. Through the use of hands-on laboratory 
activities, technology educators can provide learning 
experiences that allow students to examine and learn 
about science and technology and their influences in a 
technological society. To do so the curriculum area 
must make a concerted effort to develop teaching 
materials and methodologies that reflect technology. 
{p. 170) 
Dalber and Gerstenecker (1981) have noted that 
teaching technology at the secondary level is an opportune 
time to increase the technological literacy of the majority 
of young adults in society. Since not all high school 
students pursue further education after graduation, it is 
important that secondary education provide students with 
relevant technical and cultural skills {p. 48). 
Devore (1988) noted that studies in the technologies 
must focus on those theories and concepts relating to the 
behavior of technical systems and the relations of these to 
human beings, their societies and the environment {p. 11). 
Curriculum design for secondary technology education can be 
constructed in a variety of forms, but should include 
technology as the subject-matter base and involve secondary 
teachers as part of curriculum development project (Dalber 
& Gerstenecker, 1981, p. 48). 
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STATEMENT OF THE ASSUMPTIONS 
The following assumptions were made in pursuit of this 
study: 
1) The review of technology education literature 
would indicate a need for new curricula for 
technology education, specifically the need to 
teach to technological literacy. 
2) Concepts necessary to teach to technological 
literacy could be identified through the review 
of the literature. 
STATEMENT OF THE LIMITATIONS 
The limitations of the study were: 
1) Four, four and one half week curricula units were 
developed for a middle/junior high school 
technology education program. 
2) Nine experts identified in the field of 
technology education were used to evaluate and 
participate in this study. 
3) The Delphi study consisted of two survey rounds. 
4) A Likert scale was used to determine the 
appropriateness of the curriculum and activities 
in addressing the technological literacy 
concepts. 
5) A September 15, 1990 deadline was required for 
the return of all materials. 
STATEMENT OF TERMINOLOGY 
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Discipline of Technology: The study of the creation 
and use of technical means--tools, machines, techniques, 
technical systems--and the behavior of technical systems in 
relation to people, their societies, the environment and 
the civilization process (Devore, 1986, p. 203). 
General education: Consists of learning that every 
person should have a chance to acquire •••• Focusing on 
basic knowledge, the use of knowledge, thinking skills, the 
abilities necessary for learning new knowledge and skills, 
plus the abilities to apply old knowledge to new situations 
(Clark & Starr, 1986, pp. 12-13). 
Liberal arts: Education providing broad understanding, 
including: critical thinking skills, the ability to 
communicate and learning how to learn (Weiner, 1984). 
Literacy: The ability to read and write at a level 
that allows an individual to function, at least minimally, 
within society (Miller, 1986, p. 196). 
Science: What the universe, macrocosm and microcosm, 
consists of--stars, planets, galaxies, cells, atoms and 
particles ••.. Knowledge discovered, and being 
discovered, by humans (Gies, 1982, p. 17). 
Science of technology: A systematic study of the 
creation, use, and behavior of adaptive systems--tools, 
machines, techniques, resources, energy, information, and 
human organizations--in the context of and in relation to 
people, their societies, the environment, and the 
civilization process (Devore, p. 13). 
Technological literacy: The competency to locate, 
sort, analyze and synthesize information that relates to 




Technology education: A comprehensive, action-based 
educational program concerned with technical means, their 
evolution, utilization, and significance; with industry, 
its organization, personal, systems, techniques, resources, 
and products; and their social/cultural impact 
(International Technology Education Association, 1985, p. 
25) • 
Chapter Summary 
The purpose of this chapter was to provide an overview 
of the problem investigated. This chapter included an 
introduction to the study, the statement of the problem, 
the statement of the purpose, the statement of the need and 
the statements of the assumptions and limitations. The 
chapter also contained the statement of the terminology 
that was used throughout this study. 
Chapter 2 
REVIEW OF LITERATURE 
Introduction 
This chapter provides a review of literature related 
to the study. This includes society's change to an 
information society, which has resulted in calls for 
reforms in the education system. Within this chapter, 
technological literacy was defined, and concepts of a 
technologically literate person were identified. 
Disciplines addressing the issue of technological literacy 
and their approach to teaching technological literacy were 
also reviewed. In addition, a review of the curriculum 
evaluation and data gathering techniques has been 
presented. The chapter is concluded with a chapter 
summary. 
CHANGING NEEDS OF SOCIETY 
Due to the information base of society, there have 
been numerous changes in society. These changes have 
resulted in the need for an adjustment on the part of the 
American education system. This section will review the 
changing needs of society, including the change to an 
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information based society, the technology associated with 
the information base and the new educational needs of an 
information based society. 
Changes in Society 
The United States society was based on industry and 
manufactured goods following the industrial revolution. 
With the development of the computer, society became based 
on information. This restructuring in the last one hundred 
years has caused numerous changes in society. Johnson 
(1985) stated: 
In a mere century, the mechanization of work has 
hurdled us over factories filled with human workers 
and machines to nearly people-empty plants filled with 
computer-guided robots that produce the goods. Voice 
and image are relayed via satellites for instant 
worldwide communication. In every corner of our lives 
we find changes that could not have been dreamed of a 
century ago. (p. 11) 
Over a period of about one hundred years, the United 
States of America has gone through a dramatic metamorphosis 
from an agricultural, to an industrial and now to an 
information society. Each stage of change has required 
less human muscle power at work and more time and energy 
with regard to education. This has been accompanied by such 
technology as television. The technology of television 
required the person to take a passive role and the machine 
to take an active role. Waetjen (1985) warned that this 
may have a negative impact on learning, for learning 
requires being intellectually active (p. 7). 
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It is the changing and developing technology that has 
created the information age and allowed the emphasis on 
information to expand to every aspect of society. Waetjen 
(1985) stated: "What we are witnessing, however, is that 
the values of American society are changing (p. 7). 
Chen and Novik (1984) indicated the changes that the 
United state has faced because of the shift to an 
information society. They wrote: 
In the forthcoming era characterized as the 
information society, both hardware and software 
technologies will inevitably change our mode of living 
and thinking. Coping with the evolving radical 
changes and ensuring that man is becoming familiar 
with and overcoming the language barrier implies that 
scientific and technological literacy must be an 
essential part of every man's education •.• This can 
best be achieved by introducing a course of action 
that will bring forth the recognition of science and 
technology as means to solve man's existential 
problems as wells as a danger to society and the 
environment. {p. 424) 
Through modification and accumulation of knowledge or 
information and conversion into technology, humans have 
built social organizations and ideology to regulate human 
behavior through changes produced by science and 
technology. Chen and Novik {1984) wrote: 
Thus the prime movers of man's 'new form of evolution' 
are knowledge implemented through technology applied 
by social organizations and regulated through values 
and ideology. (p. 421) 
One of the predominate changes as a result of 
technological development has been the interdependence 
between communication and computer technology. The 
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development of communication has become a force in 
determining the nature of society. The information society 
has allowed humans to extend the function of senses beyond 
time and space as well as to magnify the capacities of 
cognitive processes (Chen & Novik, 1984, p. 422). 
Waetjen (1985) reported that each year, approximately 
55 new chemicals are devised, and with the advent of each 
we hail the new products it will help us to create. The 
United States has taken the position that the good aspects 
of technology must be implemented and the negative omitted 
from consideration. This has created a value statement to 
the young people of our society that progress must be made 
regardless of cost. Financial gain has been one of the 
main consideration in technological advances, with others 
being the desire for increased leisure time, better 
employment and more luxuries (p. 7). 
The negative consequences of new technologies usually 
emerge later. According to Waetjen (1985): 
Had the impacts been considered, the United States 
would not have asbestos in nearly every hotel, motel, 
restaurant, church, school and university structure. 
Likewise, the United States would not be contending 
with dioxin in ground aquifers. (p. 7) 
The information age has caused other problems that 
society will have to resolve related to an information 
society. Invasion of privacy, pilferage of proprietary 
information, replacement of human-craft jobs with 
microprocessor-controlled robots and possibly fatigue from 
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the 'noise' of too much information are a few examples of 
these information related problems (Johnson, 1985, p. 12). 
Devore (1983) wrote that: 
We live in an interdependent changing world, a world 
of accelerating industrialization, rapid population 
growth, widespread malnutrition, increasing depletion 
of non-renewable resources of minerals and energy and 
a deteriorating environment. (p. 4) 
Even on the local scale, citizens of the United States find 
many are unemployed and possibly will never return to work. 
Devore (1983) wrote: 
Those who are employed have discovered that because of 
inflation and a recession that even though they are 
well educated and a part of the middle class they 
cannot maintain a life style that only a few years ago 
was considered normal. {p. 4) 
The United States is finding that it is no longer a 
leader in heavy industries, and faces competition from 
other countries for many consumer goods. These consumer 
goods include: computer technology, machine tools, 
automobiles, electronics and home appliances (Devore, 
1983). 
Devore (1983) wrote: 
The new era of our society has placed the emphasis on 
electronic computing equipment, telecommunications, 
devices using semiconductors, the health fields, space 
vehicles and satellites. These changes have been 
brought about by human endeavors in creating and using 
technical means. Major changes in society have always 
come about when human potential was altered through 
developments in the technical means which provided: 
1. A more stable food supply; 
2. New and better materials; 
3. Alternative forms of energy supply; 
4. A more efficient means of energy conversion; 
5. A more efficient means to: 
a. collect; 
b. store; 
c. transmit; and, 
d. process information; and, 
6. A better means to control tools, machines and 
technical systems. (p. 5) 
The fusing of computer technology and communication 
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technology has resulted in changes in information-systems. 
These information systems have altered and will continue to 
alter the very existence of humankind in the information 
age (Devore, 1983, p. 6). 
According to Devore (1983): 
In the 1950s there were some 1000 computers, but no 
microcomputers or microprocessors. In the late 1970s 
there were over 220,000 computers and some 750,000 
microprocessors. During the 1980s the number of 
microprocessors will exceed 10 million and usher in a 
new technological revolution that, from all 
predictions, will have a greater and more profound 
impact on societies throughout the world than did the 
industrial revolution. (p. 6) 
The large scale use of microprocessors was made 
possible with the development of the means to manufacture a 
silicon chip. The silicon chip has been imprinted with 
tens of thousands of electronic components and complex 
circuits. The microprocessor has brought about the 
potential of robotics and a continuing change in the nature 
and distribution of jobs (Devore, 1983, p. 8). 
Changes in Employment 
Cetron (1983) reported that employment in the twenty 
first century will be different from that of the twentieth 
century. Manufacturing will account for 11 percent of the 
jobs, down from 28 percent in 1980. Jobs related to 
agriculture will drop from 4 percent to 3 percent. The 
remaining 86 percent will be involved in the service 
sector, up from 68 percent in 1980 (p. 15). 
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White-collar workers in the office will see changes in 
machines capabilities. Word lexicons, machines that type 
directly from speech, will eliminate up to 50 percent of 
the clerical and stenographic jobs (Cetron, 1983). The 
office worker, with skills that were appropriate 
twenty-five years ago, may not be employable in the 
information based workplace. There has been a shift from 
paperwork to the need to operate electronic equipment 
(Waetjen, 1985, p. 7). 
Glines (1986) has noted that roughly 20 percent of the 
jobs required a college diploma. Three and four day work 
weeks will be come a reality. Three million college 
graduates will soon be competing for formerly 'blue collar' 
positions; yet the traditional educational response has 
been to raise requirements, non-diploma jobs to diploma 
jobs, diploma to degrees, and degrees to higher degrees 
(pp. 8-9). Education must be in the 'technological basics' 
to help prevent the retraining problems found in later life 
as new technologies replace existing jobs. Future workers 
with a technical base will be able to easily move from one 
occupation into another occupation (Cummings, 1987, 
p. 208). 
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Glines (1986) reported that students need to 
understand that they may find it necessary to prepare for a 
career anew from three to six times over. Students should 
know that if they leave the work force for any extended 
length of time, they may need to be retrained before 
reentering the work force (p. 9). 
Agriculture has also experienced major changes. 
Formerly, an individual who could find work in another 
profession, was able to find employment in agriculture. 
Technology has produced complicated machinery, 
sophisticated chemicals for controlling weeds ana computers 
are used for bookkeeping, records, crop data and 
information on planting times. Waetjen (1985) wrote: 
The major theme is that technology has wrought changes 
in the way we live and work. The subtheme is 
inescapable: More education is required as technology 
becomes more complex. (p. 7) 
Education is a key institution of a society. Education 
should reflect the society and prepare students 
of the changes occurring in that society. There are many 
educational needs of an information society. 
NEW EDUCATIONAL NEEDS 
As a result of the changes taking place in society, 
education must also be reformed. As a democratic society, 
the United States' role as a leader in the world is 
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dependent on an educated population (National Commission on 
Excellence in Education, 1983, p. 7). 
National Reports on Education 
The commission members of the National Commission on 
Excellence in Education (1983) wrote in the report A Nation 
at Risk: 
The educational foundations of our society are 
presently being eroded by a rising tide of mediocrity 
that threatens our very future as a Nation and a 
people. What was unimaginable a generation ago has 
begun to occur-others are matching and surpassing our 
educational attainments. 
If an unfriendly foreign power had attempted to 
impose on America the mediocre educational performance 
that exists today, we might well have viewed it as an 
act of war. As it stands, we have allowed this to 
happen to ourselves. {p. 5) 
In the National Science Board Commission Report on 
Pre-College Education in Mathematics, Science and 
Technology (1983), three objectives were listed for the 
United States education system. The objectives for both 
formal and informal education were: 
1. continue to develop and broaden the pool of 
students who are well prepared and highly 
motivated for advanced careers in mathematics, 
science and engineering; 
2. widen the range and increase the quality of 
educational offerings in mathematics, science and 
technology at all grade levels so that more 
students would be prepared for, and thus have 
greater options to choose among, technically 
orientated careers and professions; and 
3. increase the general literacy in mathematics, 
science and technology of all citizens for life, 
work and full participation in the society of the 
future. (p. 44) 
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The National Academy of Science/National Academy of 
Engineering report Secondary School Education for the 
workplace (1984) added another dimension to the educational 
requirements when it reported, "Those who enter the 
workforce after earning a high school diploma need 
virtually the same competencies as those going on to 
college, but have less time or opportunity to acquire them" 
(p.37). 
The report prepared by Lomon (1983), for the National 
Science Board indicated that: 
Science and technology in the United States is lacking 
in two critical areas: 
a. The recruitment and training of enough competent 
scientists and engineers to maintain leadership 
in the technology so necessary to the nation's 
prosperity. 
b. The nurturing in the general population of enough 
familiarity with science and technology facts and 
concepts and the facility with problem solving 
strategies needed so that every person can cope 
adequately with their personal lives, their work 
and their role as decision makers in our 
technological democracy. (p. 25, source 
materials) 
E. L. Boyer (1983) in the book High School: A Report 
on Secondary Education in America noted the importance of 
science and technology by writing: 
We live in a complex, dangerous and fascinating world. 
Science has played a role in creating the dangers, and 
one hopes that it will aid in creating ways of dealing 
with these dangers. But most of these problems cannot 
and will not, be dealt with by scientists alone. We 
need all the help we can get, and this help has to 
come from a scientifically literate general public. 
Ignorance of science and technology is becoming the 
ultimate self- indulgent luxury. (p. 24) 
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These reports indicate the need for students to be 
both scientifically and technologically literate. The 
reports on education have indicated a need for educational 
reform. This view of needed reform has also gained the 
support of the American public. 
Calls for Educational Reform 
Education in the 1980s has been faced with many 
challenges. Demands were placed on schools to maintain 
high students scores on national tests and were being asked 
to provide more services to students as needed in the 
changing American society. The National Commission on 
Excellence in Education (1983) published A Nation at Risk 
which reported on the problem of public demands on the 
schools by writing: 
Our nation's schools have been given the multitude of 
often conflicting demands. They are often called on 
to provide solutions to personal, social and political 
problems that the home and other institutions either 
will not or cannot resolve ••.• The people of the 
United States need to know that individuals in our 
society who do not possess the levels of skill, 
literacy and training essential to this new -era will 
be effectively disenfranchised, not simply from the 
material rewards that accompany competent performance, 
but also from the chance to participate fully in our 
national life. (pp. 6-7) 
Several other authors have also recommended that the 
American education system must change to reflect society. 
Waetjen (1987) suggested an educational revolution that 
would reflect the American society. Schools were designed 
to perpetuate the important aspects of society. The 
American schools should address the three characteristics 
of the American society. It is democratic by choice and 
persuasion; it is technological in nature; and it is an 
educated society (pp. 28-29). 
Dyrenfurth and Mihalevich (1987) indicated that: 
Typically people expect their education system to 
prepare them for life. It follows then that the 
system must include and/or address all significant 
components of the society it supports. (p. 4) 
The schools have not made any changes that would 
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compare in any way with the magnitude of change experienced 
by society. This has resulted in American schools which 
are faced with a critical situation of increasing demand 
for school reform. According to Dyrenfurth and Mihalevich 
(1987) without changes the results will be, "catastrophe 
such as world wide economic chaos, annihilation, either by 
war or pollution, or a technocratic society where masses of 
technologically illiterates are controlled by a cadre of 
technological elite" (p. 6). 
According to Glines (1986), technology education will 
need to change if it is to provide a continuing service to 
the youth. The need for change can be illustrated by 
analyzing four broad categories: 
1. The potential global and societal futures which 
will affect all of humankind; 
2. The implications of these futures for education--
the effect of the 64 global dilemmas or 
possibilities--crisis or opportunities--upon 
schooling and learning; 
3. The practical action steps which technology 
education should and could take now and in the 
next five years to begin to better address the 
potential alternative futures; and, 
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4. The educational and societal data, the supporting 
resources, and the classroom materials which are 
available to assist the staff, students and 
communities through a period of transition. 
(p. 7) 
The ability of American education in the 1990s to 
address the issue of technological literacy will have a 
negative impact on generations in the future. Jennings 
(1988) has indicated that: 
The United States faces the prospect of its children 
not experiencing the 'good life' if an acceptable 
level of technological literacy is not achieved. If 
the new generations of children in our schools do not 
have the opportunity to develop a higher degree of 
technological literacy than in the past, our nation 
will certainly be 'at risk.' (p. 2) 
Schools have had limited curricula which would provide 
students with experiences in applying mathematics and 
scientific principles in problem situations representative 
of society. Some youth have further lost the motivation to 
continue their education as a result of their experiences 
in school which held virtually no connection with the real 
world and its rapidly advancing and highly technological 
living conditions (Jennings, 1988, p. 2). 
Waetjen (1985) has indicated: 
The risk for our society is to underestimate the 
importance of the assessment of technological change 
or to assume that the assessment is entirely a 
scientific process .•.• A central role of an 
educational institution is to offer a curriculum that 
gives its students a basic understanding of the 
society in which they live. Proceeding on that 
premise, it is logical to assume that in a democratic, 
technological society, the curriculum would strongly 
reflect those characteristics. 
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Almost all areas of the curriculum contains 
information about the democratic form of government in 
the United States. The same cannot be said about 
technology. People are becoming out of touch with a 
fundamental aspect of their society because our 
educational institutions impart so little 
understanding of its technological base. (p. 9) 
There have been attempts to make changes to education 
in the past. Most of the changes have been in the form of 
new curriculum efforts in industrial arts/technology 
education. During the 1960s and 1970s there were over 
twenty publicized curriculum efforts. However, as Devore 
(1983) has noted there was little effort to implement these 
new curricula in the public schools or change the teacher 
education programs to include these new curricula. As a 
result the education system in America is in need of reform 
as indicated by the reports on education (i.e., Nation at 
Risk [1983) by the National Commission on Excellence in 
Education, Precollege Education in Mathematics, Science and 
Technology [1982) by the National Science Board Commission, 
Secondary School Education for the Workplace [1984) by the 
National Academy of Science/National Academy of Engineering 
and High School: A Report on Secondary Education in America 
[1983) by E. L. Boyer). 
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TECHNOLOGICAL LITERACY 
A technological society requires new forms of 
literacy. It is critical in a democratic society that all 
citizens function effectively as free and responsible 
members of the society. All members must understand the 
relations among various technical systems and human 
affairs. In the 1980s, educators from all areas began 
addressing the study of technology as a part of basic 
education and the new liberal arts. The new form of 
literacy being called for is technological literacy 
(Devore, 1983, p. 11). 
Need for Technological 
Literacy 
The understanding of the technical systems is critical 
as a basis for determining public policy and the management 
and control of technological systems. A large part of our 
population are totally ignorant of the technical systems; 
their creation, evolution, capabilities, operations and 
limitations. Devore (1983) wrote, "Most live with 
perpetuated myths and folk knowledge that detract from true 
understanding" (p. 13). The problem has been public 
education's failure to address the issue of technological 
literacy. 
Education has focused on skills and training to meet 
the needs of industries. This focus has been job specific 
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and seldom transferable to new and evolving technology. 
Technological literacy, however, focuses on the role of the 
individual as citizen in a free society (Devore, 1983, 
p. 13). 
Jennings (1988) stated: 
Being technologically literate means being able to 
deal effectively with the conditions of life in a 
technological world. As humankind has grown 
increasingly dependent upon technology for existence, 
the need for being technologically literate has also 
grown proportionately. In today's world, being 
technologically literate is critical to the very 
continuation of life. (p. 3) 
Murchland (1982) stated, "Put simply, education is 
what enables us to create and control our symbolic worlds, 
including, of course, the world of technology, this is what 
literacy means" (p. 5). 
As our society has become technologically more 
complex, the need for people to become technologically 
literate has become more apparent. For example, some 
schools now view computer literacy as being the fourth 
component of basic education, in addition to reading, 
writing and arithmetic. But, the computer is not the only 
form of technological literacy that people must acquire 
(Devore, 1983, p. 9). 
Technological literacy must be based on an integrated 
study of the behavior of natural, technical and social 
systems and their interrelationships. The technologist 
must be concerned with the study of the creation and use of 
technology. This technology should include tools, 
machines, techniques and technical systems (Devore, 1983, 
p. 14). 
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Technological literacy is the process of creating, 
using and assessing technical means. The level of literacy 
range from a knowledge of the function and use of tools in 
the broadest sense of the term, to the design of products 
and their use, relation and impact of the products on 
people, society and the environment (Devore, 1983, p. 15). 
Devore (1983) further indicated that technological 
literacy must not focus only on knowing about and using 
tools or on assessing the impact or effects of technical 
means. This type of education will fail to attain 
technological literacy. Technological literacy will 
require an education which will develop knowledge and 
understanding of the abstract concepts upon which the 
technical world has been created and functions (p. 15). 
Technology education is not the only discipline 
addressing technological literacy. Lisensky (1985) wrote, 
"Liberal arts colleges need to include the 'third culture' 
--he artifact world, and its complex technical systems--
as an integrated part of their curriculum" (p. 6). 
DISCIPLINES ADDRESSING TECHNOLOGICAL LITERACY 
This section identifies three disciplines that are 
addressing the concept of technological literacy. These 
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disciplines include science, liberal arts and technology 
education. Each discipline was examined to identify how the 
discipline has addressed the concept of technological 
literacy. 
Science 
The goal of science is to seek explanation for the 
behavior of the natural world, not to solve problems related 
to living in the natural world. Since the earliest of times 
to the present, science has been a part of the educational 
traditions of the Western culture. The early teaching of 
science could be traced to the fourth century B.C. During 
this time Plato's Academy and Aristotle's Lyceum became 
known throughout most of Western civilization. The Lyceum 
required students to study philosophy and the natural 
sciences (Butts, 1947, p. 72). Butts (1947) wrote of the 
importance of Aristotle's work in the development of 
science: 
In the fifth century the various bodies of knowledge 
available today were not highly systematized or 
organized. It was largely Aristotle's work in the 
Lyceum that led to the classifying and organizing of 
the great fields of knowledge. Alexander the Great 
subsidized Aristotle's researches with large amounts of 
money, and many men were commissioned to gather 
scientific data for Aristotle as they marched with 
Alexander's armies on their extensive campaigns in all 
parts of his enormous empire. (p. 72) 
Despite the many advantages of scientific thought and 
technology, education in the liberal arts made little use of 
them. Butts (1947) noted that this remained true until the 
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eighteenth century. The curriculum in the secondary schools 
and colleges was heavily weighted with classical studies. 
The primary purpose of education was to prepare an 
individual for participation in government and a moral life 
(p. 74). 
By the twentieth century, science education had become 
a part of the elementary and secondary school curriculum. 
Science education was viewed as necessary to meet the needs 
of the changing society (Butts, 1947, p. 75). 
Hurd (1984) illustrated the difference between science 
and technology by writing: 
Though science and technology act as an integrated 
system, they are not synonymous in meaning. Science is 
a way of knowing; it is a breeder of new knowledge. 
Scientists who pursue knowledge for its own sake, are 
motivated by their curiosity to learn how and why 
nature behaves as it does. Their satisfaction arises 
from discovering new facts, formulating new theories, 
and developing predictive laws that their peers 
consider significant in advancing a science discipline. 
The results of scientific research are judged on the 
basis of their integrity, not their usefulness in 
practical ways •••• 
Technology on the other hand, is a process that 
seeks new uses of knowledge. Technologists work with a 
definite purpose in mind, such as designing a more 
fuel-efficient airplane, an intelligent robot, improved 
cancer therapy, safer roads for travel, synthetic 
insulin, and communication satellites in outer space. 
The work of the technologist responds to industrial and 
social needs and whatever product or process people 
might find useful. (pp. 6-7) 
Yager (1984) has redefined science as "The discipline 
concerned with the study of the interaction of science and 
society" (p. 36). Yager has indicated that science has 
begun to address the concept of technological literacy. 
Technological Literacy and 
Science 
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Science educators have identified the need for students 
to be scientific and technologically literate as well as 
having basic literacy. Miller (1986) defined basic literacy 
as: 
A prerequisite to scientific and technological 
literacy. If you cannot read and comprehend the 
descriptions and explanations of the changes around 
you, you become inevitably the captive of television 
and a believer in technological magic. (p. 196) 
Miller (1986) also noted that technological literacy and 
scientific literacy had definitions that were parallel. 
Miller defined technological literacy as an "Understanding 
of the application of science and engineering to the 
solution of concrete problems" (p. 197). Miller further 
wrote: 
In thinking about the substance of technological 
literacy, it is important to emphasize the ability to 
understand a basic set of terms that are necessary for 
communication about technological issues, a 
comprehension of how some of the major technologies in 
our environment work, a sense of technology as an 
ordered and rational effort to solve definable 
problems, some understanding of the functioning of 
human organism and some recognition of the interaction 
between people and the technologies we use. The 
technologically literate person should understand how 
basic technologies work, which aspects are changeable 
and which are not and some of the impacts and 
implications of major technologies. The 
technologically literate person should understand that 
in democratic societies citizens can have some say in 
which technologies are advanced and which are 
restrained. (p. 197) 
Technological literacy means that all students who 
finish high school should be reasonably comfortable with 
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popular presentations and scientific and technical subjects. 
Scientific and technological literacy should provide an 
informed basis for public decision making. The pursuit of 
this objective may no longer be a luxury. Scientific 
literacy has become a national necessity (Bloch, 1986, p. 
139) . 
The Liberal Arts 
Mason (1972) wrote, "The fundamental purpose of liberal 
education was to produce the good man-the man who made the 
right choices" (p. 26). The idea of liberal arts was 
originated in the ancient Greek society. A free man was 
obligated to practice the arts of freedom. The person was 
to think clearly and logically, speak effectively and read 
analytically. A person would also have some knowledge of 
the world in which they lived, of human nature and the ways 
in which the universe operated (Mason, 1972, p. 25). 
The education of a free person focused on grammar, 
rhetoric and logic, with attention also to mathematics, 
music, literature and the sciences. The education of the 
slaves and the artisans focused on skills for a trade 
(Mason, 1972, p. 25). 
The liberal arts is the oldest educational theory of 
Western civilization. The liberal arts began in Greec e , was 
extended and developed by the Romans of classical antiquity, 
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and grew strongly in the schools of the church in the Middle 
Ages. During the late nineteenth and early twentieth 
century, the liberal arts were the main focus of education 
in Europe and the United States. During the middle 
twentieth century, the liberal arts were challenged by 
progressive education. Progressive education derived its 
basic theory from evolution and science rather than from the 
literary humanities (Mason, 1972, p. 25). The study of 
technology was not addressed by the liberal arts until 
society determined technology could no longer be ignored 
(Dyrenfurth & Mihalevich, 1987, p. 2). 
Technological Literacy and 
the Liberal Arts 
Traditionally education has separated the study of 
technology from liberal education. According to Weiner 
(1984): 
Liberal arts education has from its inception been 
centrally concerned about the requisites of building 
and maintaining a civilized human community ••• 
Liberal arts education adheres to a conception of its 
role in preparing people for civilized life. (p. 10) 
However, liberal art has adapted the curriculum to include 
the study of technology and its impact on society. Lisensky 
(1985) stated: 
The critical task in directing our technological future 
will be to understand the tradeoff s in regard to 
resources, risks, and social values. To do that, 
students must become aware of how science, technology, 
and society interact. To this end, liberal arts 
colleges need to include the 'third culture'--the 
artifact world, and its complex technological system--
as an integrated part of their curriculum. (p. 6) 
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Through a review of literature, Gilberti (1989/1990) 
has identified several conclusions on the liberal arts 
perspective on technological literacy. These include: 
The need to be broadly educated for living in a 
technological society ••.. Secondly, technological 
literacy was viewed necessary for citizens to make use 
of, to be aware of the consequences and limitations, 
and to be knowledgeable about the interactions of 
science and technology on society and the environment. 
Thirdly, citizens needed to understand science and 
technology in order to maintain the democratic process. 
Technological literacy was also recognized to be a 
method by which individuals could acquire the good life 
(i.e., vocational and avocational pursuits). (p. 101) 
The liberal arts colleges have realized the importance 
of incorporating the study of technology into the 
curriculum. Slaght (1988) stated: 
Melding technology into the liberal arts education is 
really more a matter of attitude than of finance. Of 
course, the challenge is monumental; we face 2000 years 
of cultural and philosophical biases, but succeed we 
must. What is at stake is our very way of life. (pp. 
9-10) 
1 Technology Education 
Until the 1800s, the skills of the hand were passed on 
from generation to generation through imitation. This was 
usually from parent to child or from one person to another 
working in a close relationship of each other (Phillips, 
1985, p. 15). 
Early groups appreciated and respected the place and 
value of hand skills in their culture. The laws of the 
group, and often their religious teachings, required that 
every young person be taught hand skills and a craft to be 
able to contribute to the group. Social and religious 
leaders were noted and respected for their hand skills 
(Phil 1 i p s , 19 8 5 , p. 15) • 
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In the Homeric age of Greece, hand skills were also 
respected. But as the Greek society became a slave economy, 
free men looked with contempt on the craftsperson (Phillips, 
1985, p. 15). 
Manual Training/Arts 
The Russia Manual Training movement was first 
introduced to the United States by Victor Della Vos in 1876. 
John D. Runkle, President of the Massachusetts Institute of 
Technology, was searching for a system to teach skills in 
the use of tools. This system was to be introduced into 
mechanical engineering programs. John D. Runkle saw the 
Russian system as more than engineering education, Runkle 
saw it as general education (Woodward, 1887, pp. 3-5). This 
insight, according to Anderson (1926) "marks the beginning 
of the manual training movement ••. " (p. 161). Runkle's 
idea for instruction in manual training was rejected by the 
majority of the conservative public. The center of the 
movement soon shifted primarily to Washington University of 
St. Louis (Anderson, 1926, pp. 161-162). 
Woodward established the Manual Training High School in 
St. Louis, which Bennett (1937) noted was the "earliest and 
also the most distinctive feature of the manual training 
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movement in America . • " (p. 347). Speaking of the 
school, Woodward said: 
The Manual Training School is not a mere workshop; the 
head is to be trained even more than the hand. 
Specific trades will not be taught; the tool-education 
will be liberal, extending impartially through all the 
shops. 
It is not expected that every boy who attends the 
school will become a mechanic, but we have reason to 
believe that a boy's experience in the school will 
clearly indicate whether he is fit to become a mechanic 
or not. (p. 6) 
Manual Training went through several changes in the 
1800s. An industrial and vocational education movement 
developed out of the Russian System. This educational 
movement focused on skill training. Manual arts grew out of 
the Sloyd System and the arts and crafts movement emerged in 
England. The manual arts movement focused on the skills 
used to make useful and well designed objects (Phillips, 
1985, p. 16). 
During the early 1900s, manual training educators were 
trying to determine the future direction of their programs. 
John Dewey (1915) published The School and Society, which 
caused a further examination of the move to manual arts. 
Dewey placed the study of industry and social implications 
of the industrial culture as central to the educational 
process. This was referred to by Richards, Russell, Bouser 
and others as 'industrial arts' and was the start of the 
industrial arts movement (Phillips, 1985, p. 16). 
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Industrial Arts 
The term industrial arts was first used by Charles 
Richards in 1904. This provided the curriculum area with a 
name and the content of the field to be drawn from industry. 
Richards' supervisor, Dean James Russell (1912) of Columbia, 
suggested that economic as well as humanistic and scientific 
studies be included in general education. Economic study 
was to be "the study of industries for the sake of a better 
perspective on man's achievements in controlling the 
production, distribution, and consumption of the things 
which constitute his natural wealth" (1912, p. 6). 
Russell's (1912) concept of industrial arts was limited 
to elementary schools. At that level, it was to be a part 
of all students general education. Upon entering the 
seventh grade, a student would specialize in the academics 
if planning to go on to college. If the student was not 
going on to college, vocational education courses would be 
taken by the student. This would help them to become 
"artisans, farmers, or tradesmen" (p. 188). 
Bonser and Mossman (1923) defined industrial arts as: 
The industrial arts are those occupations by which 
changes are made in the form of materials to increase 
their values for human usage. As a subject for 
educative purposes, industrial arts is a study of the 
changes made by man in the forms of materials to 
increase their values and the problems of life related 
to these changes. (p. 5) 
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The concept of industrial arts proposed by Russell (1912) 
and Bonser and Mossman (1923) was a new approach in the 
field. A study of manufacturing industries was a base and 
the goal was to develop an understanding on the part of all 
children about the functioning of our industrial society. 
Further development of the industrial and vocational 
education movement resulted from the Smith-Hughes Act of 
1917-18. This was primarily for the senior high school, 
while industrial arts was predominate in the junior high 
school (Phillips, 1985, p. 16). 
Industrial arts was to make students more aware of the 
society around them. According to Dewey (1916), education 
should be a series of situations in which the students are 
involved in solving problems of interest to them. This was 
the basis for the project method were students are engaged 
in activities that require thinking as well as doing. Dewey 
(1916) gave direction to educators on using industrial arts: 
The problem of the educator is to engage pupils in 
these activities in such ways that while manual skill 
and technical efficiency are gained and immediate 
satisfaction found in the work, together with 
preparation for later usefulness, these things shall be 
subordinated to education--that is, to intellectual 
results and the forming of a socialized disposition. 
(pp. 196-197) 
Technology Education 
Technology education is a broader concept than 
industrial arts. Technology education will continue to 
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teach materials and processes from the industrial arts 
curriculum and add the content from the technologies within 
the four systems (i.e., communications, construction, 
manufacturing and transportation/energy), social\cultural 
impacts of technology, and the thinking skills needed to use 
technology to improve the environment (Cummings, 1987, 
p. 209). It is important that students have an opportunity 
in school to develop an understanding of the array of 
technology which surrounds their world (Cuetara, 1988, 
p. B3). As Cuetara (1988) indicated: 
The transition to technology education will require 
that professionals recognize what in their approach, 
thinking, resources and facilities needs to be 
reorganized. This change in focus does not call for a 
total abolishment of what has been done, but a 
reorientation and focus to a more integrated approach 
to learning, both within the content area and within 
the school. Programs will change from units in 
drafting, woodworking and small engines to general 
studies dealing with communications, materials 
processes and power, energy and transportation. 
(p. B3) 
Technology education has been defined as applying 
technology to solve problems. This is one characteristic 
unique to technology education. However, technology 
education also provides students with the opportunity to 
develop an understanding of the impact of decisions on the 
environment, community and society as a whole (Cuetara, 
1988, p. B3). 
The purpose of technology education might take on a 
variety of functions. These might include its value in 
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relation to the following kinds of human involvement: 
1) as a user of technology, 2) as a consumer of technology, 
3) as a decision-maker about technology, and 4) as a citizen 
involved in and concerned about the future (Maley, 1985). 
The National Association of Secondary School Principals 
(1985) in the publication Technology Education: A Modern 
Focus for Industrial Arts, have developed the "Criteria for 
a Technology Education Program." At all levels the program, 
course content is based upon: 
1. an organized set of concepts, processes and 
systems which are uniquely technological. 
2. fundamental knowledge about the development of 
technology and its effect on people, the 
environment and culture. 
3. instructional content drawn from one or more of 
the following areas: 
a. communication--efficiently utilizing 
resources to transfer information to extend 
human potential; 
b. construction--efficiently utilizing resources 
to build structures of construct works on a 
site; 
c. manufacturing--efficiently utilizing 
resources to extract and convert raw/recycled 
materials into industrial and consumer goods; 
or, 
d. transportation--efficiently utilizing 
resources to obtain time and place utility 
and to attain and maintain direct physical 
contact and exchange among individuals and 
societal units through the movement of 
materials/goods and people. 
4. assisting students in developing insight, 
understanding and application of technological 
concepts, processes and systems. 
5. applying tools, materials, machines, processes and 
technical concepts safely and efficiently. 
6. developing student skills, creative abilities, 
positive self-concepts and individual potential in 
technology. 
7. developing student problem-solving and decision-
making abilities involving human and material 
resources, processes and technical systems. 
8. preparing students for lifelong learning in a 
technological society. 
9. activity-orientated laboratory instruction with 
students reinforcing abstract concepts with 
concrete experiences. 
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10. a combined emphasis on 'know-how' and 'ability to 
do' in carrying out technological work. (pp. 2-3) 
Referring to the role of industrial arts/technology 
education, Boyer (1983) has indicated that: 
The issue is not computers. The issue, rather, is the 
changing of our society, driven by a technology 
revolution that is as fully important as the industrial 
revolution over 100 years ago ••.• I believe that it 
is absolutely tragic to divide our students 
arbitrarily, to say to some of them, 'You're the 
workers' and to others, 'You're the thinkers.' In 
fact, life for all of us is a blend of both ..•. And 
if that is true in our lives, why is it not true in the 
education that we are presenting to our students. • • . 
If we can find a way to relate technology to the larger 
values, then I believe this nation will not only 
survive, but, for coming generations, will flourish 
with dignity as well. (p. 6) 
Technology should be used as one of the integrators or 
themes that would be taught throughout the entire 
curriculum. This could help students to develop a better 
understanding of the impact of technology on social change. 
As adults, these students would then have an understanding 
and be motivated to devise and apply ways of measuring the 
influences of technology on life-styles (Waetjen, 1985, 
p. 9) • 
Technology education interfaces effectively with the 
needs of both the pre-vocational learner and the academic 
learner in the school. In each case, the students are 
provided opportunities to challenge their individual talents 
and interests in ways not available to them in the 
past (Cuetara, 1988, p. B2). 
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Pucel (1988) has identified what he calls the 
Technological Literacy Approach. The technological literacy 
approach to industrial education curriculum allows people to 
have experiences with technology which go beyond activities 
limited by equipment and materials in the classroom. The 
goal of this approach is to use hands-on experiences with 
industrial skills and knowledge, supplemented by other 
learning resources for the development of technological 
literacy. The critical element to this approach is that one 
begins with a conceptualization of the system (i.e., 
communication, production, transportation or energy) to be 
taught, and then relates all classroom activities to the 
study of the technologies related to the system of 
technology (pp. 12-13). 
Technology education allows the student to play a 
variety of roles such as designer, engineer, fabricator, 
controller, evaluator and consumer. As confidence and skill 
develop within students through design experiences, less and 
less direction is given to students and the teacher assumes 
a 'facilitator' role. In this manner students must take on 
more and more responsibility to think for themselves. 
Through application of the problem solving model, the 
teacher requires students to determine answers themselves 
rather than rely on the teacher to tell the student the 
solutions to problems (Cuetara, 1988, p. B3). 
METHODS OF CURRICULUM EVALUATION 
This section provides a review of the methods used to 
evaluate the curriculum developed for this study. These 
include the Delphi technique and a Likert scale. The 
methods are discussed as to why these particular methods 
were chosen and the method of implementation of these 
evaluation techniques. 
Delphi Technique 
The Delphi Technique is a forecasting method with 
proven benefits for long-range educational planning. 
Designed as a consensus building model, it can be adapted 
for use in short-term decision making and conflict 
resolution (Hartan, 1981, p. 495). 
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The Delphi technique was a method used in the 1960s, by 
the Rand Corporation to develop plans and strategies for the 
future. It allowed a panel to read the ideas written down 
and not have to be debating or thinking of something to say 
during a meeting. The respondent is given time to think 
about the response (Thomas, 1979). 
Nash (1978) reviewed several major studies using the 
Delphi technique in an educational setting. The study found 
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the technique was used primarily in three areas: educational 
goals and objectives, curriculum and campus planning, and 
effectiveness and cost-benefit measures. 
The Delphi technique involves a panel of experts within 
a given field who, through successive rounds arrive at a 
consensus. The rounds are used in gathering individual 
opinions/reactions to arrive at a group consensus to predict 
some future outcome (Evans & McKeough, 1981, p. 7). 
The technique allows for a group consensus without the 
expense and time required to bring a group to a single 
location. This method allows participants to remain 
anonymous. There is no social pressure on an individual to 
conform to the group or an influential individual. This 
technique can be used to reach a consensus between groups 
hostile towards each other (Butler & Howell, 1980, p. 17). 
The Delphi method also allows each person to respond to 
each issue. In contrast to group meetings at which some 
people prefer not to express their ideas, this allows for a 
more representation of the group and not just vocal members 
(Hartan, 1981, p. 497). 
The major criticism of the Delphi is its possible 
limitations. The possible limitations are: the difficult 
selection of a representative and competent panel of 
experts; the need for unbiased interpretation of the data; 
the characteristics of the respondent and non-respondent; 
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and, limited validation studies on the technique (Evans & 
McKeough, 1981, p. 7). 
Likert Scale 
The Likert scale calls for a collection of various 
statements of opinion. A group of subjects are asked to 
respond to each one of the statements in terms of their 
agreement or disagreement. Usually a 1 to 5 or 1 to 7 scale 
of response is used; subjects mark whether they strongly 
disagree, disagree, are undecided, agree or strongly agree 
with each statement. A score is given to the response, 
weighted 1-2-3-4-5 or 5-4-3-2-1. Either 1 or 5 is 
consistently favorable or unfavorable. The score of the 
statement is the sum of all scores from the separate 
subjects (Edwards & Kenney, 1946, pp. 73-74). 
Edwards and Kenney (1946) indicated: 
There is no longer any reason to doubt that scales 
constructed by the method of summated ratings and 
containing fewer items will yield reliability 
coefficients as high as or higher than those obtained 
with scales constructed by the Thurstone method. (p. 
78) 
The Thurstone method is another method commonly used 
for attitude measurement. According to Edwards and Kenney 
the Likert and the Thurstone are the two most frequently 
used methods. Edwards and Kenney further indicated that the 
evidence indicated that the Likert technique was less 
time-consuming and less laborious than the Thurstone method, 
but cautioned that further research was need in this area. 
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The Thurstone technique is a measurement of social 
attitude of equal appearing intervals and the Likert 
technique is a method of summative ratings. In the 
Thurstone technique, a variety of statements of opinion 
toward an issue are screened and edited according to a 
criteria. The statements are then presented to a group of 
judges who sort the statements into categories representing 
a scale from extremely favorable to extremely unfavorable 
(Edwards & Kenney, 1946, pp. 72-73). 
The final group of statement are selected from the 
judges' evaluations and two forms are developed from the 
final statements. The forms are given to a new group of 
subjects who are asked to evaluate the statements. 
Reliability is found by correlating the scores on the two 
forms. The disadvantage of the Thurstone technique is it 
requires the use of a large group of persons to judge the 
entire set of attitude statements (Edwards & Kenney, 1946, 
p. 73). 
Barclay and Weaver (1962) completed a study to 
determine the time requirement of the Likert technique 
compared to the Thurstone. The study indicated a 
significant savings in time using the Likert technique. The 
second part of the study was to confirm results of 
reliability of the Likert technique from previous studies. 
The Likert scales according to Barclay and Weaver, 
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"Exhibited a very significantly higher degree of reliability 
( r = • 9 7 ) than d o the Thur stone s ca 1 e s ( r = • 6 6 ) " ( p . 119 ) . 
Chapter Summary 
This chapter provided a review of the literature 
related to the study. This included society's transition to 
an information society, and the calls for reform in the 
education system to address society's transition. Within 
the -chapter, technological literacy was defined and concepts 
of a technologically literate person were identified. 
Disciplines addressing the issue of technological literacy 
were also reviewed. The chapter concluded with a review of 




This chapter provided information to the methodology 
used to complete this master's thesis. This included the 
methodology related to the review of literature, curriculum 
development, curriculum evaluation and a summary of 
conclusions. This chapter was concluded by providing a list 
of procedures used to complete the thesis and a chapter 
summary. 
REVIEW OF THE LITERATURE 
Changing Needs of Society 
Articles by Johnson (1985), Waetjen (1985), Devore 
(1983) and national reports on education (i.e., A Nation at 
Risk [1983] by the National Commission on Excellence in 
Education, Precollege Education in Mathematics, Science and 
Technology [1982] by the National Science Board Commission, 
Secondary School Education for the Workplace [1984] by the 
National Academy of Science/National Academy of Engineering 
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and High School: A Report on Secondary Education in America 
[1983) by E. L. Boyer) were reviewed. This included the 
changing skills and attitudes required to work and live in a 
democratic and technological society. 
New Educational Needs 
As a result of the changes in society, schools must 
also change. The review of literature included national 
reports calling for educational reforms. The reports 
included the A Nation at Risk [1983) by the National 
Commission on Excellence in Education, Precollege Education 
in Mathematics, Science and Technology [1982) by the 
National Science Board Commission, Secondary School 
Education for the Workplace [1984) by the National Academy 
of Science/ National Academy of Engineering and High 
School: A Report on Secondary Education in America [1983} by 
E. L. Boyer which provided information for the technology 
education curriculum developed and to determine the state of 
education in the United States. 
Technological Literacy 
The review of literature was used to define 
technological literacy, identify concepts of a 
technologically literate person, and identify disciplines 
addressing technological literacy. The literature included 
journal articles, education reports, and doctoral 
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dissertations. Among the literature reviewed was two Delphi 
studies, one completed by Butler and Howell (1980) 
and one completed by Croft (1990). Numerous other authors 
have been published on technological literacy, and have 
identified concepts of a technologically literate person. 
These included Brady and Smalley (1984), Cuetara (1988), 
Devore (1985 & 1988), Dyrenfurth, Michael and Richard 
(1987), Gilberti (1989/1990), Loepp (1986), the National 
Science Foundation (1983) and the Texas Education Agency 
(1984). Reoccurring concepts of technological literacy were 
identified and combined into a list of eleven concept s for 
the technology education curriculum. 
Disciplines Addressing 
Technological Literacy 
Three disciplines were identified that addressed 
technological literacy. These included liberal arts, 
science and technology education. A review of each of the 
disciplines was completed to identify how technological 
literacy was addressed as a part of general education. 
Methods of Curriculum 
Evaluation 
A review of various types of data collection techniques 
was completed to identify the most appropriate method for 
this study. A Delphi study was identified as the method 
best suited for this study. Butler and Howell (1980) 
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indicated that the Delphi technique allows for a group to 
reach consensus without the expense and time required to 
bring a group to one location. The Delphi has the advantage 
of no peer pressure to conform to the group and allows time 
for a response to various items by each panel member 
(Thomas, 1980). It was determined that the study would 
consist of three rounds. A Likert scale was used to 
evaluate the appropriateness and ability of the course 
content and activities to promote technological literacy. 
Barclay and Weaver (1962) completed a study which indicated 
a significant savings in time using the Likert technique. 
Their study also concluded the reliability of the Likert 
technique was as high or higher than the commonly used 
Thurstone technique of attitude measurement. 
Experts of Technology 
Education 
The review of literature was used to identify experts 
in the field of technology education. These experts were 
used to evaluate the curriculum developed. To be a member 
of the panel of experts, the individual had to have 1) been 
involved in the development of the Minnesota Plan for 
Industrial Technology Education, 2) be an officer in a 
technology education organization (i.e., MTEA), or 3) had an 




The Minnesota Plan for Industrial Technology Education 
(1984) four and one-half week units were used as the basis 
of the curriculum developed. The Minnesota Plan was 
selected due to the committee's and researcher's familiarity 
with the curriculum guide, and it was the curriculum guide 
for the state in which the study was being 
completed. A review of the curriculum was completed to 
identify possible changes needed to promote the concept of 
technological literacy. The curriculum was organized around 
the four systems of technology education identified in the 
Minnesota Plan for Industrial Technology Education (1984). 
Activities were identified and developed to foster concepts 
of technological literacy. The concepts of technological 
literacy were identified through previous studies (i.e., 
Brady & Smalley [1984), Cuetara [1988], Devore fl985 & 
1988), Dyrenfurth, Michael & Richard f 1987), Gilberti 
f 1989/1990), Loepp [1986), the National Science Foundation 
[1983) and the Texas Education Agency [1984]) addressing 
technological literacy. 
CURRICULUM EVALUATION 
The evaluation was completed in two parts. The 
curriculum was first reviewed by three technology teacher 
educators from the Department of Industrial Studies at 
St. Cloud State University. This was to verify that the 
curriculum developed was appropriate for the grade levels 
identified and that the content organizers of production, 
communication, transportation and energy/power were 
included. 
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After the initial review and the necessary changes were 
made, the curriculum was mailed to forty experts in the 
field of technology education. The experts were given ten 
days to evaluate and return the curriculum. The evaluations 
were then analyzed. The mean, mode and standard deviation 
were calculated from the responses of all returned 
curriculums. A summary was then returned to those experts 
responding. The experts were asked if they wished to make 
any changes in their responses based on the results of the 
group and changes made to the curriculum. The experts were 
then asked to reevaluate and return the curriculum. The 
evaluations were analyzed again, and it was determined that 
a third round would not be necessary to achieve some form of 
group consensus. All responses from the panel of experts 
were recorded, analyzed, and summarized. 
SUMMARY AND RECOMMENDATIONS 
A summary of the literature review and the Delphi study 
were completed, and recommendations were written based on 
the summary. The study and its results were then presented 
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for defense before the researcher's thesis committee. 
Following approval of the study by the committee, a copy of 
the results were mailed to each of the participants 
responding to all rounds of the study. 
STATEMENT OF THE PROCEDURES 
The following procedures were used to complete the 
thesis: 
1. A review of the literature was completed to 
identify concepts, course content, methodologies 
and activities that promote technological 
literacy. The research facilities utilized were: 
the St. Cloud State University Learning Resource 
Center, the University of Minnesota Library, 
MINITEX Library Information Network and the 
Department of Industrial Studies Curriculum 
Library; 
2. A review of the Minnesota Plan for Industrial 
Technology Education (1984) curriculum guide was 
completed to determine needed changes in the 
content and activities to promote technological 
literacy; 
3. A general education course curriculum was 
developed based on the Minnesota Plan for 
Industrial Technology Education (1984), Energy 
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Technology: Sources of Power (1984) and Technology 
for the Future (1990); 
4. A review of the curriculum and evaluation 
instrument was completed by three members of the 
Department of Industrial Studies faculty at 
St. Cloud State University; 
5. The curriculum was mailed to a panel of experts 
identified by the literature review; 
6. All returned curricula were analyzed; 
7. Changes were made to the curriculum based on the 
evaluations; 
8. The revised curriculum was mailed to those 
responding to the first round of the study. This 
was repeated for a total of two rounds; 
9. A summary and conclusions were written based on 
the review of literature and the Delphi study; 
10. The results of the study and recommendations for 
further study were submitted to a thesis committee 
for defense and approval; and, 
11. A report on the findings of the Delphi study was 





This chapter has identified the steps completed for the 
research included within this study. This included the 
methodology and rationale for the use of a Delphi study; an 
overview of the important literature reviewed to provide the 
required background information on technology education, 
technological literacy, curriculum evaluation and data 
collection techniques. A list of procedures was also 
included. The procedures identified each step completed 
during this study. 
Chapter 4 
DELPHI STUDY DATA 
Introduction 
This chapter provides information gathered through the 
use of the Delphi study. This includes comments from both 
rounds of the Delphi study, the mean and standard deviation 
from the responses and changes made to the curriculum as a 
result of the responses by the panel members. 
CURRICULUM DEVELOPMENT 
The curriculum was developed based on the Minnesota 
Plan for Industrial Technology Education (1984). Through 
the review of the literature, review of other curricula, 
technology textbooks and meetings with the thesis advisor, 
changes were made to the Minnesota Plan. After review by 
the thesis advisor, the curriculum, evaluation instrument 
and the first letter of correspondence with directions were 
reviewed by three Industrial Studies Department members at 
St. Cloud State University. The three members selected for 
the review were Dr. Lorimer Bjorklund, Dr. Andrew Horton and 
Dr. Anthony Schwaller. 
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After necessary changes were corrected, the curriculum 
was mailed to 40 technology education teachers in the state 
of Minnesota (Appendix B). These members were selected from 
a list of Minnesota Technology Education Association members 
who 1) were currently officers in the Minnesota Technology 
Education Association, 2) had participated in the 
development of the Minnesota Plan for Industrial 
Technology Education (1984) or 3) had had an article 
published in a national publication on technological 
literacy and were teaching in a middle or senior high 
school. 
Only five of the panel members responded to the study 
by the stated deadline (August 2, 1990). For this reason, a 
follow-up letter was sent on the first of August, 1990, and 
the deadline was extended to August 7, 1990. On August 7, 
1990 the first round of the Delphi study was scored by the 
St. Cloud State University Computer Service Center. There 
were a total of thirteen panel members who had responded. 
The mean and standard deviation were calculated for each of 
the suggested activities designed to develop a specific 
concept of a technologically literate person (see curricula 
in Appendixes D-G) . 
The mean and standard deviation were then recorded 
under each item on the curricula and the response of each 
panel member was identified on the persons curricula for the 
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second round. The thirteen panel members were then asked to 
respond to the same items based on their previous position 
and the collective responses of the panel. 
The curricula were mailed on August 10, 1990, and the 
completion deadline was stated in the letter as August 16, 
1990. A Minnesota Lottery ticket was enclosed with each 
letter as a thank you to the thirteen participating panel 
members for their work on the Delphi study. The results 
were scored on September 16, 1990. This again was due to 
the lack of responses by the panel members. The final 
number of responding panel members to the second round was 
nine. 
All correspondence with the panel members was via mail. 




Each concept was followed by a place for the panel 
member to respond to the concept and/or activities (see 
curriculum in Appendixes C-F). The letter stated that 
complete confidentiality would be maintained with each 
persons responses. Therefore, comments on the activities 
and curriculum are included but the specific panel member 
who wrote the comment has not been identified. All names 
and addresses are listed in Appendix B. 
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The responses collected are labeled Person A, Person B, 




The Minnesota Plan is heavily weighted in favor of 
manufacturing. The broad concept of construction 
(community planning, creative design diverse 
structures, lifestyles, etc.) is very lacking in the MN 
plan. Check the original IACP for concept orientation. 
Study the concept of "ekistics" for the integration of 
relationships. 
Person B: 
Timelines unrealistic--It just plain takes longer than 
this if students are going to do these. 
#1 Middle school students come for hands on activity--
when they get there, if you put them in a book right 
away, good-bye, you just lost them. 
#3 Testing and redesign for this age group has to be 
kept very short. 
#4 Most of these will have to be teacher activities 
with student implementation. 
#5 Again these are teacher activities for the most 
part--explain, evaluate are basically paper and pencil 
activities--too much of this will kill enthusiasm--they 
came with the anticipation of building, cutting, 
nailing--A good program "sneaks" in the rest. 
#6 This is the best so far. 
#8 Paper work kids will tolerate to a point, most of 
this could be done on a computer if the teacher did the 
organizing and got the software. 
#9 Again, mostly teacher activities for students of 
the age described. 
#10 Mostly paper activity. 
#11 Could be a student activity if done with desk top 
publishing or a small part of the class, but the whole 
class, not in my lab--these are social studies type 
activities (Create posters and flyers advertising the 
product) . 
Person C: 
Should check Rye's TLA's from Bellview, Washington, 
excellent activities. 
#1 View topics--videos 
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#2 Depending on level involved and student abilities 
(Identify, develop and use material handling systems). 
#3 Try to include how to modify or recycle (evaluate 
whether a product should be repaired or discarded). 
Communication: 
Person A: 
#1 Reading assignments are not the best methods to 
use. Not unique to technology education, we can do 
better--student involvement and hands on activities. 
Person B: 
#2 So far this is the best. 
#4 It's starting to go down hill! 
#5 You are on your way to killing it--talk, talk, 
talk. 
#7 You have just about talked it to death! Where is 
the field trip, the video or better yet--maybe a kid 
could actually print a t-shirt, enlarge a black and 
white print. You had it going with CAD--the kids got 
to do something, but we are back to talk, talk, talk. 
Person C: 
#4 Using ratios, determine formulas for mixing given 
quantities of film processing chemicals. 
#6 Several items might be helped with the addition of 
"imagine changes which might occur with this technology 
in the next five years." 
#8 To #54 add: develop criteria to weigh economic and 
environmental impact (Identify environmentally harmful 
items created by communication technology). 




The transportation model appears to be appropriately 
directed. A number of years ago (10+) a proposal was 
developed for an experimental city in Mn. labeled 
"MXC." A review of some of the proposals related to 




#1 Instead of reading--a filmstrip, video, 16mm film; 
anything that does not start the same way as every 
other class kids have all day will motivate better than 
another reading assignment and a worksheet. 
#2 Boy, are you sure that all this activity--hands on 
type won't wear them out--come on already, lets get 
their hands-on something other than a pencil (Make a 
poster or chart that illustrates the resources needed 
to transport goods or people). A little ambitious for 
an introductory group, but it could get them out of 
their seats, I hope. In "kid-talk" so far this is 
boring! (Design a mass transit system for a local city) 
#3 Has potential, depends on how it is carried out 
(Change traffic pattern of a hallway in the school ~ and 
study the changes in student movement} . 
#4 Still boring for industrial technology--sounds like 
a typical "applied math" or in kid talk "bonehead" math 
class. 
#5 This is raising my blood pressure--no darn wonder 
industrial technology classes are closing in mass. If 
this kind of curriculum were put in place in our 
school, it would last one year--then the kids would 
never sign-up, the word would spread to the lower 
grades like fire--and presto the computer class, the 
phy. ed., art and home ec. as well as agriculture 
classes would have new students--yours! 
#10 Wow, depending on who it is, a breath of fresh air. 
Now don't spoil it by having kids outline his 
presentation (Guest speaker on careers in 
transportation technology). 
#11 You need to get out and work with high school kids 
a while before you write more of this garbage. Select 
any transportation class that has good elective 
enrollment for the past five years--and go find out 
why! 
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Power and Energy: 
Person A: 
Where are emergent energy related concepts such as 
superconductivity, etc introduced? I haven't 
discovered where significant curricular effort is 
directed to understanding super-insulation and passive 
solar design here or in construction. 
Person B: 
#2 Many live in apartments, trailers, etc. need to 
accomidate in energy audit. 
#3 Little unrealistic for this age group (design solar 
collector). Kid in apartments and trailers may have a 
problem (Measure overhang on home and discuss effects 
of variations). 
#4 Very hard for kids of this age to do (implement 
energy saving techniques at home). 
#5 Teacher activity--or assign one student to call 
(power company about buy back). Boring for kids 
(Determine practicality of full-scale wind generators). 
Teacher activity (outline educational requirements of 
workers in energy/power). 
#7 To a large extent, this sounds much like a typical 
social studies class to me--I hope this class is 
required, because if it is an elective, the teacher 
better be looking for another line of work. 
#9 Too long an activity for this age (plot wind speeds 
for a wind generator for one year). This age kids--I 
doubt that this is really appropriate (implement energy 
saving techniques at home). 
Person C: 
#3 One month might explain the concept (plot wind 
speeds for a wind generator for one year). Suggest 
rather than implement (energy saving techniques at 
home). 
#9 Several need go/no go statements added to force a 
decision to the data collection and analysis. 
Round 2 
Transportation: 
#2 Social changes must be studied!! 
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While all participants in the study had at least one 
comment on the first round, only one person had a comment on 
the second round. These comments were discussed with the 
researchers advisor and changes were made to the curriculum 
based on the comments of the respondents. The numbers from 
the survey are shown below. The * numbers indicate which 
items modified prior to the second round. 
Survey Data 
The mean for the production unit was 3.93 the first 
round and 3.90 for the second round. There were three items 
modified prior to the second evaluation. 
The mean for the transportation unit was 3.93 the first 
round and 3.78 for the second round. There were four items 
modified prior to the second evaluation. 
The mean for the communication unit was 3.97 the first 
round and 3.91 for the second round. There were nine items 
modified and one item added prior to the second evaluation. 
The mean for the power/energy unit was 3.92 for the 
first round and 3.87 for the second round. There were nine 
items modified prior to the second evaluation. 
There was a significant difference in the mean between 
the first and second round in only one item. That was 
number 18 in the transportation unit. The remainder of the 
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numbers changed only in the standard deviation being 
reduced. After the second round the standard deviation 
remained above one for only five items. For these reasons 
it was determined that a third round was not required to 
complete this study. 
The mean and standard deviation of each of the 
activities for both rounds is shown below. The first two 
columns are the mean and standard deviation from the first 
round. The last two columns are the mean and standard 
deviation from the second round. 
Table 1 
Delphi Survey Results of Activities 
Production 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
1. 3.50 .87 3.56 .83 
2. 3.92 • 8 6 3.89 .31 
3. 3.33 1.03 3.33 .67 
4. 3.50 • 8 7 3.44 .68 
5. 4.25 .92 4.44 .50 
6. 3.83 • 8 0 3.67 .47 
7. 4.58 .49 4.56 .50* 
8. 4 .1 7 1.07 4.11 .31 
9. 4.00 1.08 4.11 .31 
10. 4.00 1.00 3.89 .57 
11. 4.00 1.15 4.00 .47 
12. 4.08 . 9 5 4.11 .57 
13. 4.08 1.04 4.11 .31 
14. 4.18 .72 4.22 .42 
15. 4.42 .64 4.33 • 4 7* 
16. 4.45 • 5 0 4.25 .43 
1 7. 4.00 .74 4.00 .47* 
18. 3.73 .96 3. 8 9 .31 
19. 4.36 .48 4.11 .31 
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Table 1 (continued) 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
20. 4.18 .72 3.78 .63 
21. 3.91 • 6 7 4.00 .47 
22. 3.83 .99 4. 00 .67 
23. 4.25 • 4 3 4.00 .47 
24. 3.91 .67 3.89 .57 
25. 3. 8 2 • 7 2 3.78 .63 
26. 4.18 .83 4.22 .42 
27. 4.45 .66 4.44 .50 
28 • . 4.00 .58 4.22 .42 
29. 3.92 • 6 4 3.78 .42 
30. 3.45 .78 3.56 • 6 8 
31. 3. 6 7 • 7 5 3.33 .47 
3 2. 3.91 1.24 3.78 .63 
33. 4.36 .48 4.11 .57 
34. 4.27 .62 4.11 .57 
35. 3 .1 7 • 9 9 3.11 .87 
36. 3.50 .76 3.67 . 6 7 
37. 3.91 .79 3.78 .42 
38. 3.64 .88 3.67 .67 
39. 3.55 • 6 6 3.67 .47 
40. 3.58 1.04 3.67 .94 
41. 3.83 • 8 0 3.78 .63 
42. 3.33 1.03 3.11 .74 
43. 3.92 • 4 9 4.00 .oo 
44. 3.83 .55 3.78 • 4 2 
45. 3. 9 2 1.11 4.11 .74 
46. 3.50 .87 3.44 .68 
47. 3.58 • 86 3.33 .47 
48. 4.00 .58 4.00 .47 
49. 4.00 . 8 2 4.00 .47 
50. 4.08 1.11 4.33 .47 
51. 3. 9 2 • 8 6 3. 8 9 .31 
52. 3.75 .92 3.89 • 31 
53. 4. 3 3 . 4 7 4.11 .31 
54. 4.33 .47 4.22 .42 
55. 3.92 • 8 6 3.89 .57 
Mean 3. 9 3 3.90 
* Item was modified prior to the second evaluation. 
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Table 2 
Delphi Survey Results of Activities 
Transportation 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
1. 3.50 .87 3.56 .83* 
2. 3.75 • 6 0 3.78 .63 
3. 4.09 .90 3.89 • 7 4 
4. 4. 0 8 • 8 6 3. 8 9 .74 
5. 4 .1 7 . .99 4.11 .57 
6. 3. 8 3 .69 3.67 .67 
7. 3.91 .79 4.11 .57 
8. 4. 2 5 • 6 0 4.22 .42 
9. 3.58 1.32 3.67 1.15 
10. 3.45 • 9 9 3. 3 3 .94 
11. 3.67 1.03 3.67 • 6 7* 
12. 4. 0 0 .91 4.00 .82 
13. 3.75 .92 3.67 .67 
14. 3.75 1.16 3.67 1.05 
lS. 3.83 .99 3.56 .83 
16. 4 .1 7 • 6 9 4.00 .47 
17. 4.33 .8S 4.38 .48 
18. 4.4S .so 3. 8 7 .78 
19. 3.SO 1.20 3.SO 1.00 
20. 3.7S • 8 3 3.78 .79 
21. 3.33 1.03 3.67 • 6 7 
22. 3. B 3 .69 3.87 .60 
23. 3.64 .88 3.78 .63 
24. 4.00 • 7 4 4.00 .67 
2S. 4.00 .8S 3.89 .87 
26. 3. 9 2 • 8 6 3.89 .74 
27. 3.82 .94 3.78 .92 
28. 3.82 • 7 2 3.89 .74 
29. 3.7S 1.09 3.78 .79 
30. 3. 8 2 .94 3. 8 9 .87 
31. 3.67 .85 3.78 .79 
32. 4.00 .71 3. 8 9 .S7 
33. 4.00 .BS 4.00 .82 
34. 3. 4 5 • 6 6 3.33 .67 
35. 3.91 .79 3.67 • 4 7* 
36. 4.10 • 5 4 3.89 .74 
37. 3.7S .83 3.78 .79 
38. 3.83 • 8 0 3.78 .79 
39. 3.73 .86 3.67 .82 
40. 3. 9 2 • 7 6 3.67 .47 
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Table 2 (continued) 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
41. 3.92 . 8 6 3.78 .92 
42. 4.00 .91 3.89 .74 
43. 3.91 • 6 7 3.78 .42 
44. 3.36 1.15 3.44 .68 
45. 4.25 • 8 3 4.11 .87 
46. 3.80 .60 3.44 . 68* 
47. 3. 8 2 .72 3.78 .63 
48. 3.36 1.07 3.56 .96 
49. 3.64 • 7 7 3.56 .83 
50. 3.73 1.14 3.56 1.07 
51. 4.25 .72 4.11 .57 
52. 4.45 .50 4.22 .42 
53. 3.73 • 7 5 3.56 .68 
54. 3.55 .89 3.22 .79 
55. 3. 8 2 • 7 2 3.67 .67 
Mean 3.93 3.78 
* Item was modified prior to the second evaluation. 
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Table 3 
Delphi Survey Results of Activities 
Communications 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
1. 3. 6 4 1.15 3.56 .96 
2. 3.91 .90 3.89 .87 
3. 4 .10 .70 4.00 .47 
4. 3.83 .90 4.00 .47* 
5. 3.50 • 8 7 3. 6 7 .94 
6. 4.55 .50 4.78 .42 
7. 3.91 .90 3.87 .60 
8. 4.00 .43 4.00 • 0 0 
9. 4.18 .57 4 .11 .57 
10. 4.33 .47 4.11 .31 
11. 4.45 .50 4.33 .47 
12. 4.64 .48 4.67 .47 
13. 4. 0 0 • 7 4 4.11 .57 
14. 4.27 .62 4.11 .57 
15. 4.00 .58 3.78 .42 
16. 3.91 .51 3.78 .42 
17. 4.27 • 6 2 4.00 .47 
18. 4.00 .60 3.89 .57 
19. 3.11 1.10** 
20. 3.36 1.07 3.33 . 8 2 
21. 3.92 .76 3.89 .74 
2 2. 3.36 .88 3.11 .57* 
23. 3.91 • 51 3.89 .31 
24. 4.18 .57 4.00 .50 
25. 4.27 • 8 6 4. 00 .82 
26. 4.09 • 7 9 4.00 .82 
27. 4. 0 0 • 8 5 4.25 .43 
28. 4.40 .66 4.38 .48 
29. 3.82 • 8 3 4.25 .43* 
30. 4.64 .48 4.33 • 94* 
31. 3. 6 4 • 6 4 3.67 .67 
3 2. 3.75 .60 3.78 .63 
33. 3. 8 2 • 7 2 3 .89 .57* 
34. 3.58 1.04 3.78 .79 
35. 4.08 .76 3.78 .63 
36. 3.73 • 8 6 3.67 .67 
37. 3. 8 3 . 6 9 3.78 .42* 
38. 3.82 • 7 2 3.89 .57 
39. 4. 0 0 .71 4.00 .47 
40. 4.36 .48 4.22 .42 
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Table 3 (continued) 
Round 1 N = 13 Round 2 N = 9 
Number Mean St. Dev. Mean St. Dev. 
41. 3.64 .64 3.44 .50* 
42. 3.91 • 6 7 3.89 .57 
43. 3.67 .47 3.67 .47 
44. 4. 0 0 .74 4.11 .57 
45. 3.91 .79 4.00 .67 
46. 4.09 .67 4.00 .47 
47. 4.08 .64 4.11 .57 
4 8. - 3. 6 7 1.03 3. 6 2 .70 
49. 3.67 .75 3.50 .71 
50. 4.00 .60 3.75 .83 
51. 4.09 .79 4.12 • 6 0 
52. 3. 9 2 • 9 5 4.00 .71 
53. 3.82 .94 3.75 .66 
54. 4.27 • 6 2 4.12 .60 
55. 4.08 .64 4.12 .60* 
56. 3.92 . 8 6 3. 6 2 .70 
57. 3.67 .94 3.50 .71 
58. 3.73 • 8 6 3. 6 2 .86 
59. 3.80 .75 4.00 .so 
60. 4.08 . 6 4 4.00 .50* 
61. 4.00 1.13 3.75 .66 
62. 4. 0 0 .91 3. 8 7 .78 
63. 4.09 .79 4.00 .87 
64. 3.90 . 8 3 3.75 .83 
Mean 3.97 3.91 
* Item was modified prior to the second evaluation. 
** Item was added prior to the second evaluation. 
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Table 4 
Delphi Survey Results of Activities 
Energy 
Number Round 1 Round 2 
Mean St. Dev. Mean St. Dev. 
1. 3.73 1.29 3.S6 .96 
2. 4. 0 0 • 8 s 3.89 .87 
3. 3.36 .48 3.22 .42 
4. 4. 2 s • 4 3 4.11 .31* 
s. 4.2S • 4 3 4.11 .31 
6. 4.09 • 6 7 3.89 .S7 
7. 4.17 .SS 4.00 .so 
8. 4.33 . 4 7 4.11 .S7 
9. 4.18 .S7 4.11 .S7 
10. 4.27 • 4 s 4.22 .42 
11. 4.17 .80 4.00 .67 
12. 4.08 . 6 4 4.22 .42* 
13. 4.00 • 7 4 3.89 .74 
14. 3.91 .Sl 3.89 .31 
lS. 3.S8 1.04 3.S6 .68* 
16. 3.SS . 8 9 3.67 .67 
17. 4.27 .7S 4.2S .66 
18. 4. 4 2 • 7 6 4.22 .79* 
19. 4.09 .90 3.89 .S7 
20. 3.91 .Sl 4.00 .so 
21. 3.82 . s 7 4.00 • 4 7 
22. 3. 7 3 • 6 2 3.67 .47 
23. 3.73 . 7 s 3.87 .33 
24. 4 .1 7 .SS 3.89 .31 
2S. 3.73 .7S 3.67 .47 
26. 3. 8 2 .S7 3.7S .43 
27. 3.91 .79 4.00 .so 
28. 3. 8 2 . 8 3 3.89 .S7* 
29. 3.64 .64 3.56 .so 
30. 4. 0 8 • 8 6 4. 0 0 .82 
31. 3.73 .96 3.78 .63 
32. 3.55 • 8 9 3.67 .67 
33. 3.64 .48 3.78 .63 
34. 3. 3 3 • 9 4 3.33 .67* 
3 5. 4.09 .79 4.11 .57 
36. 4.09 • 6 7 4.00 .47* 
37. 4.27 .62 4.11 .31 
38. 4.36 .64 4.38 .48 
3 9. 3.91 .79 3.67 .67 
40. 4.17 • 8 0 4.11 .74 
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Table 4 (continued) 
Number Round 1 Round 2 
Mean St. Dev. Mean St. Dev. 
41. 4.00 .85 4.00 .67 
42. 4. 0 0 .58 4.11 .57 
43. 4.00 .82 4.00 . 4 7* 
44. 4.09 . 9 0 4.22 • 4 2 
4 5. 3.58 .76 3.67 .47 
46. 3. 6 7 .75 3. 4 4 .50 
47. 3.42 .95 3.44 .50 
48. 4.00 • 4 3 3.89 .31 
49. 3.73 .75 3.78 .42 
50. 4. 0 8 .76 3.89 .57* 
51. 3.36 .64 3.33 .47 
52. 3.64 • 4 8 3.78 .42 
53. 4.09 .79 4.11 .57* 
54. 4.33 • 6 2 4.22 • 4 2 
55. 3.67 .85 3.44 .68 
56. 3. 8 3 • 9 0 4.00 .71 
57. 3.83 1.14 3.89 • 5 7* 
58. 3.64 1.23 3.67 .47 
59. 4.27 .75 4.44 .50 
60. 3.91 .51 4.00 .47 
61. 3.67 . 9 4 3.44 .68 
62. 3. 3 3 1. 0 3 3.44 .50* 
63. 3.82 .72 3.67 • 67* 
64. 3. 6 7 . 6 2 3.44 .68 
65. 4.09 .67 4.00 .47 
66. 4.18 • 7 2 4.00 .67 
67. 3.73 .75 3.67 .47 
68. 4. 0 0 .74 4 .12 .60 
6 9. 4.27 .62 4.22 .42 
70. 4.20 • 6 0 4.25 .43 
71. 3.27 . 8 6 3.00 .82 
72. 4. 0 0 • 71 3.78 .63 
73. 4.00 .74 3.78 .63 
74. 4.09 • 6 7 4.11 .57* 
7 5. 4.42 .49 4.11 .31 
76. 3.73 • 7 5 3.78 .63 
77. 4.08 .64 4.00 .67 
78. 3. 6 4 .98 3.62 .70 
Mean 3.92 3.87 
* Item was modified prior to the second evaluation. 
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Chapter Summary 
The purpose of this chapter was to provide the results 
of the Delphi study. This included comments from the panel 
members from both rounds of the Delphi study, the mean and 
standard deviation for each of the items the panel was asked 
to evaluate and the changes made to the curriculum as a 
result of the responses by the panel members. 
Chapter 5 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Introduction 
This chapter restates the problem and purposes of the 
study, provides a summary of the literature reviewed, the 
information gathered through the Delphi study and makes 
recommendations for further studies based on the findings of 
this study. The chapter is concluded with a chapter 
summary. 
Restatement of the Problem 
of the Study 
The problem of this study was to develop a technology 
education course curriculum that would promote technological 
literacy as a part of general education. 
Restatement of the Purpose 
of the Study 
The purpose of this study was to: 
1. Identify the concepts of technological literacy 
through a literature review of the curriculum 
areas of liberal arts, science and technology; 
2. Develop a curriculum based on technology 
education, the concepts of technological literacy, 
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the Minnesota Plan for Industrial Technology 
Education (1984) and have this curriculum reviewed 
by selected technology educators within the 
Department of Industrial Studies; 
3. Identify selected experts in the curriculum area 
of technology education at the middle school, 
junior high and senior high school levels to 
participate in a three round Delphi study. 
4. To allow the selected experts to evaluate the 
revised course curriculum and teaching strategies 
which would promote the study of technology and 
the concepts of technological literacy; and, 
5. Provide information on the results of the Delphi 
study. 
Summary 
The review of literature provided a review of the 
changing needs of society, new educational needs and the 
development of technology education. This was to provide 
the reader with an understanding of the need for new 
curricula in schools. 
The changing needs of society include the change from 
and agricultural society to an information society or 
technological society. This has resulted in new issues such 
as, privacy, world-wide communication and fatigue from noise 
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(Johnson, 1985, p. 12). There has been changes in 
employment. Waetjen (1985) wrote: 
The major theme is that technology has wrought changes 
in the way we live and work. The subtheme is 
inescapable: More education is required as technology 
becomes more complex. (p. 7) 
The changes in society demand changes in education. 
Several national reports have been published indicating the 
need for reform in education (A Nation at Risk [1983] by the 
National Commission on Excellence in Education, Precollege 
Education in Mathematics, Science and Technology [1982] by 
the National Science Board Commission, Secondary School 
Education for the Workplace [1984] by the National Academy 
of Science/National Academy of Engineering and High School: 
A Report on Secondary Education in America [1983] by 
E. L. Boyer). Among the reasons for reform in education is 
the advantage the United States once held in science and 
technological innovation is being challenged by competitors 
throughout the world (National Commission on Excellence in 
Education, 1983, p. 5). 
The new education required for the United States is 
technological literacy. This has been defined by Loepp 
(1986) as, "The competency to locate, sort, analyze and 
synthesize information that relates to achieving practical 
purpose through efficient action" (p. 37). The concept of 
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technological literacy also involves providing people with 
the knowledge necessary to fully participate as a citizen in 
a democratic society (Devore, 1983, p. 13). 
Technological literacy has been addressed by several 
disciplines. The disciplines of science, liberal arts and 
technology education have all addressed technological 
literacy. 
Science has become a part of elementary and secondary 
education. Butts (1947) indicated that by the twentieth 
century, science education was viewed as necessary to meet 
the needs of the changing society. This has also been 
identified as one of the purposes of technological literacy. 
Liberal arts originated in the ancient Greek society 
and has always addressed the teaching of students to have 
some knowledge of the world in which they lived, of human 
nature and the ways in which the universe operated. The 
purpose of liberal education was to produce a good person 
who made the right choices related to society and the 
environment (Mason, 1972, p. 26). This has also been 
identified as one of the purposes of technological literacy. 
Technology education has not always focused on 
technological literacy. The focus has been on the 
industrial nature of the society. For instance, the focus 
was manual training/arts in the late 1800s and early 1900s. 
As society made the transition to an industrial society, the 
focus was industrial arts (i.e., the study of industry). 
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In the late 1900s, the nature of society had evolved to 
an informational or technological based society through the 
use of technical means. This has resulted in the transition 
to technology education, which focused on developing a 
technologically literate population. Technology education 
has been educating students to various tools, materials and 
processes from the industrial arts and the development of 
technologies in the four systems, social/cultural impacts of 
technology and the thinking skills needed to use technology 
to improve the human condition and the environment (Cuetara, 
1988, p. B3). 
The final section of the literature review was related 
to the data gathering and evaluation instrument used to 
evaluate the curriculum. The Delphi technique was the 
forecasting method identified as most appropriate for this 
study. Designed for long-range educational planning and 
consensus building model, it can be adapted for use in 
short-term decision making and conflict resolution (Hartan, 
1981, p. 495). 
The Delphi technique involved a panel of experts within 
a given field who, through successive rounds arrive at a 
consensus (Evans & McKeough, 1981, p. 7). This technique 
allows each person to respond to each issue. In contrast 
to group meetings at which many people prefer not to express 
their ideas, this allows a true representation of the group 
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and not just the viewpoint of the vocal members of the group 
(Hartan, 1981, p. 497). 
Delphi Study 
The curriculum for the Delphi study was developed from 
the Minnesota Plan for Industrial Technology Education 
(1984), Energy Technology: Sources of Power (1984) and 
Technology for the Future (1990). A review of the Minnesota 
Plan for Industrial Technology (1984) was completed to 
identify changes needed in this curriculum. The curriculum 
developed from the three sources was organized around the 
four systems of technology education identified in the 
Minnesota Plan for Industrial Technology Education (1984). 
Activities were identified and developed to teach eleven 
concepts of technological literacy. The concepts of 
technological literacy were identified through previous 
studies (i.e., Brady & Smalley (1984], Cuetara (1988], 
Devore (1985 & 1988], Dyrenfurth, Michael & Richard (1987], 
Gilberti (1989/1990], Loepp (1986], National Science 
Foundation (1983] and Texas Education Agency (1984]) 
addressing technological literacy. 
The Delphi consisted of two rounds of evaluation by a 
panel of middle school, junior high and high school 
educators. Each panel member was identified by being 
involved in the development of the Minnesota Plan for 
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Industrial Technology Education (1984) and/or as a member of 
the Minnesota Technology Education Association. Forty panel 
members were identified and were each mailed the revised 
curriculum to evaluate and return. Due to the timing of the 
study, the first mailing being July 24th, 1990, very few 
panel members responded by the deadline. This was a problem 
throughout the study with only nine panel members completing 
the two rounds of the study. 
The Delphi study results indicated that the curriculum 
would promote technological literacy if implemented into a 
classroom. The mean of the evaluations were 3.90 for 
production, 3.78 for transportation, 3.91 for communication 
and 3.87 for energy/power using a five point Likert scale 
for the evaluation of each activity. 
The first round of the evaluation resulted in many 
comments from the evaluation panel. These comments were 
used to identify needed changes in the curriculum. In the 
second round there was only one comment from one of the 
panel members (this was indicating a need to study social 
changes), indicating an approval of the ability of the 
curriculum to promote the concepts of technological 
literacy. 
Conclusion 
This study was to develop a technology education course 
curriculum that would promote technological literacy. The 
curriculum, based on the Minnesota Plan for Industrial 
Technology Education (1984), was evaluated through the use 
of a Delphi study. 
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A review of the literature was conducted to identify 
the changing needs of society, new educational needs of 
society and identification of concepts of technological 
literacy. In addition, disciplines addressing technological 
literacy, methods of curriculum evaluation and experts of 
technology education were identified through the literature 
review. 
The curriculum evaluation was accomplished through a 
two round Delphi Study involving a panel of nine technology 
education teachers. Members of the panel were selected due 
to their involvement in the development of the Minnesota 
Plan for Industrial Technology Education (1984) and/or as an 
officer in the Minnesota Technology Education Association. 
The evaluation of the curriculum indicated that in the 
opinion of the researcher, the curriculum would promote 
technological literacy if implemented into a classroom. The 
mean of the evaluations were 3.90 for production, 3.78 for 
transportation, 3.91 for communication and 3.87 for 
energy/power using a five point Likert scale for the 
evaluation of each activity. The curriculum should be 
implemented into the educational setting for further 
evaluation of the effectiveness in promoting technological 
literacy. 
Recommendations 
1. The Delphi should be conducted during the school 
year to increase response rates. This study was 
completed during July and August, and not all 
members of the panel responded or they responded 
after the deadlines, thus delaying the following 
round. 
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2. The curriculum should be implemented into a class 
for further testing of the ability of the 
curriculum to promote technological literacy. 
3. The curriculum activities should be further 
developed and explained to the evaluation 
committee. There appeared to be some confusion on 
the intent of the activities. The activities were 
designed to allow individual teachers to custom 
design the course to their particular classes. 
The activities were designed to give the teachers 
ideas for possible activities and not as a 
complete list in which all activities would be 
used during the class. 
4. The focus of future curriculum development in the 
field of technology education should be on the 
development of conceptual models. This would 
allow individual schools districts to modify the 
curriculum and the activities to design a 
technology education program to promote 
technological literacy specific to that region. 
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5. Th e terms technological literacy and technology 
education mean different things to different 
educators. Further discussion and information 
dissemination is needed throughout the profession 
of Technology Education and other disciplines 
addressing technological literacy. Such a 
dissemination would help reach a consensus on what 
a technology education program should address and 
the most appropriate methods to promote 
technological literacy. 
Chapter Summary 
This chapter restated the problem and purposes of the 
study and provided a summary of the study. This included 
the literature reviewed, the data gathering technique and 
the information gathered through the Delphi study. 
Recommendations for further studies and a conclusion of the 
study were also included in the chapter. 
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TECHNOLOGICAL LITERACY CONCEPTS 
1. Understand the conceptual framework of technology 
(Brady & Smalley, 1984; Croft, 1990; Cuetara, 1988; 
Devore, 1985 & 1988; Dyrenfurth & Mihalevich, 1987; 
Gilberti, 1989/1990; Texas Education Agency, 1984); 
2. Develop a knowledge of technological concepts and 
devices (Brady & Smalley, 1984; Croft, 1990; Cuetara, 
1988; Devore, 1985 & 1988; Dyrenfurth & Mihalevich, 
1987; Gilberti, 1989/1990; Loepp, 1986; National 
Science Foundation, 1983; Texas Education Agency, 
1984); 
3. Apply technology assessment to human problems (Brady 
& Smalley, 1984; Croft, 1990; Cuetara, 1988; Devore, 
1985; Dyrenfurth & Mihalevich, 1987; Gilberti, 
1989/1990; National Science Foundation, 1983; Texas 
Education Agency, 1984); 
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4. Learn and apply mathematics and statistics in 
technology education classrooms (Croft, 1990; Gilberti, 
1989/1990); 
5. Develop a knowledge of the relationship and role of 
technology on society and the environment (Brady & 
Smalley, 1984; Croft, 1990; Cuetara, 1988; Devore, 
1985; Dyrenfurth & Mihalevich, 1987; Gilberti, 
1989/1990; Loepp, 1986; National Science Foundation, 
1983; Texas Education Agency, 1984); 
6. Understand the limits and possibilities of technology 
(Brady & Smalley, 1984; Croft, 1990; Cuetara, 1988; 
Devore, 1985; Dyrenfurth & Mihalevich, 1987; Gilberti, 
1989/1990; National Science Foundation, 1983); 
7. Understand how technology has influenced personal 
values and social institutions (Croft, 1990; Cuetara, 
1988; Devore, 1985; Dyrenfurth & Mihalevich, 1987; 
Gilberti, 1989/1990; Texas Education Agency, 1984); 
8. Gather, analyze, and evaluate data (Brady & Smalley, 
1984; Croft, 1990; Dyrenfurth & Miha1evich, 1987; 
Gilberti, 1989/1990); 
9. Apply decision making and value clarification skills to 
selected problems (Cuetara, 1988; Devore, 1985; 
Dyrenfurth & Mihalevich, 1987; Gilberti, 1989/1990; 
Loepp, 1986; National Science Foundation, 1983; Texas 
Education Agency, 1984); 
10. Awareness and assessment of career requirements and 
opportunities (Brady & Smalley, 1984; Dyrenfurth & 
Mihalevich, 1987; Texas Education Agency, 1984); and, 
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11. Make wise consumer decisions on products and services 
(Brady & Smalley, 1984; Dyrenfurth & Mihalevich, 1987; 
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July 2 4, 19 9 0 
Address 
Dear Name, 
I am a graduate student at St. Cloud State University, in 
the Industrial Studies Department, and in the process of 
developing my thesis. As a part of the thesis, I have 
developed a curriculum based on the Minnesota Plan for 
Industrial Technology Education. The curriculum has been 
revised and concepts of a technologically literate person 
have been identified through a literature review. It is the 
purpose of this curriculum to promote technological literacy 
among middle/junior high school students. 
I am asking for your help in evaluating the curriculum. I 
have identified 20 teachers in the public schools, who: 1) 
have been a part of the development of the Minnesota Plan, 
2) are officers in a technology education organization or 3) 
have published on the subject of technological literacy. 
This evaluation should require no more than 30-45 minutes of 
your time. 
The evaluation will consist of a three round Delphi study. 
Complete confidentiality will be guarded with your 
responses. Each panel member will be identified by a 
number. In this manner, I can return your responses to you 
with the mean score from the responses of the other members 
of the panel. Upon my receiving of the completed evalua-
tions, I will calculate the mean and standard deviation for 
each response. I will then make any changes needed based on 
the panels responses. The revised curriculum will then be 
returned to you to respond to any changes, or you may want 
to make changes based on the panels responses. This will be 
repeated as necessary for a maximum of three rounds. 
I will be mailing you a copy of the results at the 
completion of the Delphi study. 
Thank you for your time and effort. Should you have any 
questions regarding the curricula or activities, do not 









Each of the units, production, transportation, communication 
and energy/power, contains three sections. The first 
section of each unit is the goals, objectives, mission 
statement and an outline of the curriculum content. The 
second section of each unit contains 11 concepts of a 
technologically literate person and activities designed to 
promote literacy of these concepts. The last section of 
each unit contains a list of activities to be used in the 
curriculum. 
In the second section of each unit, the concepts of 
technological literacy have been selected from other 
research studies, and it is not necessary for you to 
evaluate these concepts. You need to only evaluate the 
appropriateness of the curriculum content (first section) 
and the ability of the activities (second section) to 
address the specific concepts of technological literacy. 
1. Review the curriculum content of each unit. 
2. Read each concept of technological literacy. 
3. Read the activities directly under the technological 
literacy concept. 
4. Use the computer score sheets, one for each unit, to 
score the ability of the activity to promote literacy 
of that concept. Scores should be 1 for strongly 
disagree that the activity will address the concept of 
technological literacy and 5 being strongly agree that 
the activity will address the concept of technological 
literacy. 
5. Add any comments or activities you feel will 
improve the ability of the curriculum to promote 
technological literacy. 
6. After scoring each activity of the four units, 
return the curriculum and score sheets in the 
addressed envelope. 
Curriculums should be returned to me by August 2nd. 
Thank you again for your time and comments. 






COVER LETTER TO SECOND ROUND 
Thank you very much for your reply to my Delphi study. As 
you know the Delphi study is designed to reach consensus of 
a group. This second round will be all that is required to 
complete my study. For this round, I have provided the 
group mean and standard deviation in the margin, and your 
response to the activity has been circled. Based on the 
response of the group, I would now like you to consider you 
response and respond to each of the activities again. 
As I am nearing completion with my program at St. Cloud 
State University, I ask that the earliest return possible be 
made. I will be analyzing the data again on the 16th of 
August. Please have the evaluation returned to me by the 
15th. 
Due to a problem with the post office, some of the first 
evaluations may have come to you with postage due. Please 
indicate the amount in your return evaluation and I will 
happily reimburse you. I will provide the results of the 
study to you after my defense. 
Thank you for your time and comments. I could never thank 
you enough for your participation in this study. 
Good Luck with your lottery ticket, just a small thank you 









As of August 1st, I have yet to receive your evaluation of 
the curriculum mailed to you on July 24, 1990. If you 
have returned the evaluation, I would like to take this 
opportunity to thank you. If you have not yet completed 
the evaluation, please do so as soon as possible. Your 
contribution to this study would be invaluable to me. 
If you have any questions or comments please do not 
hesitate to call me: 
612-255-2940 (School) 
612-259-0491 (Home). 







Minnesota Educational Mission Statement 
The purpose of public education is to help individuals 
acquire knowledge, skills, and positive attitudes toward 
self and others that will enable them to solve problems, 
think creatively, continue learning, and develop maximum 
potential for leading productive, fulfilling lives in a 
complex and changing society (Minnesota Plan for Industrial 
Technology, 1984, p. 4. 
Goals of General Education 
The public school should help each student to develop 
personal knowledge, skills, and competence to maximum 
capacity, and to learn behavior patterns which will make 
each a responsible member of society. All students should 
achieve: 
1) Intellectual discipline, 
2) Economic and occupational competence, 
3) Citizenship and political understanding and 
competence, 
4) Physical and environmental health, ecological 
balance, and safety, 
5) Appreciation of culture, language, and life-style 
diversities and their corresponding aesthetic 
values, 
6) Competence in personal and social relationships, and 
7) Use of leisure time (Texas Education Agency, 1984, 
p. 14). 
Definition of Technology Education 
A comprehensive, action-based educational program 
concerned with technical means, their evolution, 
utilization, and significance; with industry, its 
organization, personnel,systems, techniques, resources, and 
products; and their social/cultural impact (Technology 
Education: A Perspective on Implementation, 1985, p. 25). 
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Technology Education Mission Statement 
The study of industry and technology should result in 
people who participate in and adapt to a dynamic 
technological society. This study provides application and 
immediate relevance to principles of math, science, and 
other subject areas while focusing on the development and 
application of industrial technologies. Thus, students of 
industrial technology education become self-learners and 
problem solvers, as well as self-reliant and productive 
members of society (Minnesota Plan for Industrial 
Technology, 1984). 
Goals of Technology Education 
1. Prepare students to work with technical systems within 
the area of communication, production, transportation, 
and energy/power utilization. 
2. Assist students in assessing and preparing for current 
and emerging occupations. 
3. Enhance student mastery of the basics through 
application of math, science, social studies, 
communication, and computer literacy. 
4. Develop student awareness and skill through the safe 
utilization of tools, materials, and equipment. 
5. Provide students with a foundation in entrepreneurship, 
economics, and business relationships. 
6. Assist students in becoming independent learners and 
creative problem solvers who possess self-confidence 
and lifelong learning attitudes. 
7. Establish beliefs and values based upon the impact of 
industry and technology and how it alters environments. 
8. Explore and develop human potential related to 
responsible roles in a technological society (Minnesota 






The introduction to Production Technology course 
provides students the opportunity to explore the resources, 
technical processes, industrial applications and impacts of 
production. This unit is design to be offered at the 
middle/junior high school level as a part of general 
education for all students (Minnesota Plan for Industrial 
Technology Education, 1984, p. 16). 
UNIT OBJECTIVES 
At the completion of this unit, the student will be 
able to: 
Select and use the basic resources used in 
construction and manufacturing; 
Compare common technical processes used to produce 
or construct a product; 
Contrast production applications with those of 
communication, energy and power utilization, and 
transportation; and, 
Summarize the positive and negative impacts of 
production (Minnesota Plan for Industrial 
Technology Education, 1984, p. 18). 
PRODUCTION TECHNOLOGY 
I. Introduction to Production Technology 
A. An overview of production technology 
1. Manufacturing 
2. Construction 
B. Custom versus mass production 
1. Custom, track, and manufactured homes 
2. Custom products 
3. Manufactured products 




II. Material and Processing 
A. Identify resources 
1. Materials--polymers including wood, metals, 
ceramics, composites 
2. Human--managers, technicians, skilled, 
unskilled 
3. Machines for various kinds of processing 
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C. Using various tools and machines safely 
1. Sawing and cutting 
2. Milling, shaping, and planing 
3. Drilling and turning 





E. Impact of resource depletion 
1. Environment 
2. Future availability 
II I . Research and Development 
A. Importance of R & D 
1. Meet consumer needs 
B. Conduct R & D activity 
1. Identify the problem 
2. Designing products: inventing and redesigning 
3. Making prototypes 
IV. Managing the Enterprise 





B. Organizing a company 
1. Select company name 
2. The organizational chart 
3. Job descriptions 
4. Applying for jobs 
C. Keeping records 
D. Generating working capital 
1. Selling stock 
V. Producing Manufactured or Constructed items 
A. Resources needed for production 
1. Human 
2. Material 
B. Production activities 
1. Manufactured engineering 
2. Quality control 
3. Materi a l handling 
C. Using charting methods 
1. Fl ow process char ts 
2. Time studies 
107 
D. Making the product 
1. Construction--preparing to build, 
foundations, installing utilities, building 
the structure, finishing the building 
2. Manufacturing--using jigs and fixtures, 
division of labor 
E. Contemporary production 
1. Computer Assisted Drafting/ Computer Assisted 
Manufacturing (CAD/CAM) 
2. Robotics 
3. Flexible manufacturing 
F. Impact on society and environment 
1. Career development: seeking, keeping, 
advancing 
2. Environmental impact of production 
VI. Marketing the Product 
A. Advertising 
1. Creating needs 
2. Using graphic media 
B. Impact on society and environment 
1. "Throw away" society 
2. Careers in marketing 
* New 3. Community planning/Creative design 
VII. Servicing Manufacturing and/or Construction Products 
A. Resources needed for servicing 
1. Human-technicians, mechanics, tradespeople, 
etc. 
2. Capital-diagnostic equipment, mobile 
equipment, etc. 









Technological Concept #1 
Understand the conceptual framework of technology. 
1 Have students read topics related to the development of 
technology. 
1 2 3 4 
SD = • 8 3 MEAN = 3.56 
2 Have students work in groups to develop a timeline of 
manufacturing and/or construction. Be sure the 
students try to anticipate the future. 
1 2 3 4 
SD = .31 MEAN = 3.89 
3 Evaluate the impact that production has on other 
systems of technology. 
1 2 3 4 
SD = .67 MEAN = 3.33 
4 Distinguish between construction and manufacturing 
equipment. 
1 2 3 4 
SD = • 6 8 MEAN = 3.44 






Technological Concept #2 
Develop a knowledge of technological concepts and devices. 
5 Have students make an individual product that 
incorporates as many materials and processes as 
possible. 
1 2 3 4 
SD = .50 MEAN = 4.44 
6 Distinguish between construction and manufacturing 
equipment. 
1 2 3 4 
SD = .47 MEAN = 3.67 
* Modified 
7 Design and build tools, forms, Jigs, and fixtures as 
needed for producing the product. 
1 2 3 4 
SD = .50 MEAN = 4.56 
8 Identify, develop, and use material handling systems 
such as conveyors, fluidics, robots, hoists, ramps, 
sawhorses, etc. 
1 2 3 4 
SD = .31 MEAN = 4.11 





Technological Concept #3 
Apply technology assessment to human problems. 
9 Design a prototype for the construction activity or 
production run as a group project. The project must 
address a local problem. 
1 2 3 4 
SD = .31 MEAN = 4.11 
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10 Test and redesign one or two group products based on a 
market survey and equipment availability. 
1 2 3 4 
SD = .57 MEAN = 3.89 
11 Identify, develop, and use material handling systems 
such as conveyors, fluidics, robots, hoists, ramps, 
sawhorses, etc. 
1 2 3 4 
SD = .47 MEAN = 4.00 
12 Have students determine various applications of 
computers in industry and their effect on the 
workplace. 
1 2 3 4 
SD = • 5 7 MEAN = 4.11 
13 Evaluate whether a product should be repaired or 
discarded. 
1 2 3 4 
SD = .31 MEAN = 4.11 





Technological Concept #4 
Learn and apply mathematics and statistics in technology 
education classrooms. 
14 Organize a record keeping system, including: total 
costs, inventory, payroll and safety records. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
* Modified 
15 Design and build tools, forms, Jigs and fixtures as 
needed for producing the product. 
1 2 3 4 




16 Define quality. Design and implement a quality control 
system. Use go and no-go gauges. 
1 2 3 4 5 
SD = • 4 3 MEAN = 4.25 
Comments or additional activities: 
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Technological Concept ts 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
* Modified 
17 Have students build a scale model of a community. 
1 
Consider the resulting impact on society, culture and 
the environment. 
2 3 4 
SD = .47 MEAN = 4.00 
5 
18 Evaluate the role of women and minorities in the 
workplace. Determine needed changes for minorities in 
the work pl ace. 
1 2 3 4 5 
SD = • 31 MEAN = 3.89 
19 Determine material, human and capital resources 
necessary for constructing or manufacturing a product. 
1 2 3 4 
SD = .31 MEAN = 4.11 
20 Determine how advertising effects prices, creates 
"needs" and persuades consumers. 
1 2 3 4 
SD = .63 MEAN= 3.78 
21 Evaluate tools, materials and resources which are 
needed for the servicing phase of the production 
system. 
1 2 3 4 
SD = • 4 7 MEAN = 4.00 




Technological Concept #6 
Understand the limits and possibilities of technology. 
22 Have students custom make an individual project. 
1 2 3 4 
SD = .67 MEAN = 4.00 
23 Organize a short production run similar to the 
individual project. Discuss the difference between 
custom and mass production. 
1 2 3 4 
SD = .47 MEAN = 4.00 
24 Explain the limits and uses of production and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 





25 Compare the advantages and disadvantages of working in 
manufacturing or construction. 
1 2 3 4 5 
SD = • 6 3 MEAN= 3.78 
26 Have students make an individual product that 
incorporates as many materials and processes as 
possible. 
1 2 3 4 5 
SD = .42 MEAN = 4.22 
27 Implement an ongoing safety program. 
1 2 3 4 5 
SD = .50 MEAN = 4.44 
Technological Concept #6 
Understand the limits and possibilities of technology. 
28 Visit a local company using CAD/CAM or robotics to 
address how such technology could be used in class 
production. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
29 Evaluate whether a product should be repaired or 
discarded. 
1 2 3 4 
SD = • 4 2 MEAN= 3.78 





Technological Concept #7 
Understand how technology has influenced personal values and 
social institutions. 
30 Explain the limits and uses of production and resulting 
impact on society, culture and the environment. 
1 2 3 4 
SD = .68 MEAN = 3.56 
31 Research the education level required for various 
production positions. 
1 2 3 4 
SD = • 4 7 MEAN = 3.33 
5 
5 
32 Organize the class into a corporate structure. Write 
job descriptions for all positions. Interview and hire 
students for positions within the company. 
1 2 3 4 
SD = • 6 3 MEAN = 3.78 
33 Have a union representative discuss labor issues. 
1 2 3 4 
SD = • 5 7 MEAN = 4.11 
34 Determine how advertising effects prices, creates 
"needs" and persuades consumers. 
1 2 3 4 
SD = .57 MEAN = 4.11 





Technological Concept #8 
Gather, analyze, and evaluate data. 
35 Have students read topics related to the development of 
technology. 
1 2 3 4 
SD = • 8 7 MEAN = 3.11 
36 Have students work in groups to develop a timeline of 
manufacturing and/or construction. Be sure the 
students try to anticipate the future. 
1 2 3 4 
SD = • 6 7 MEAN = 3.67 
37 Organize a record keeping system, including: total 
costs, inventory, payroll and safety records. 
1 2 3 4 




38 Develop time and motion study charts to be used during 
production. 
1 2 3 4 5 
SD = • 6 7 MEAN = 3.67 
39 Organize and use charting methods such as the Program 
Evaluation and Review Technique (PERT) or Critical Path 
Methods (CPM) for time and motion studies. 
1 2 3 4 
SD = .47 MEAN = 3.67 
40 Analyze time and motion studies, PERT charts and 
quality control. 
1 2 3 4 
SD = .94 MEAN = 3.67 
5 
5 
Technological Concept #8 
Gather, analyze, and evaluate data. 
41 Select a marketing strategy or strategies for a 
product. 
1 2 3 4 
SD = .63 MEAN= 3.78 
42 Using service manuals and other resources, have 
students repair items. 
1 2 3 4 
SD= .74 MEAN = 3.11 





Technological Concept #9 
Apply decision making and value clarification skills to 
selected problems. 
43 Design a product for a company to sell and perform a 
market survey on the product. 
1 2 3 4 
SD = .00 MEAN = 4.00 
5 
44 Evaluate the role of women and minorities in the 
workplace. Determine needed changes for minorities in 
the workplace. 
1 2 3 4 
SD = • 4 2 MEAN= 3.78 
45 Implement an ongoing safety program. 
1 2 3 4 
SD = • 7 4 MEAN = 4.11 
46 Have students perform servicing processes on rejected 
products from the production run. 
1 2 3 4 
SD = .68 MEAN = 3.44 
47 Using service manuals and other resources, have 
students repair items. 
1 2 3 4 
SD = • 4 7 MEAN = 3.33 






Technological Concept #10 
Awareness and assessment of career requirements and 
opportunities. 
48 Compare the advantages and disadvantages of working in 
manufacturing or construction. 
1 2 3 4 
SD = • 4 7 MEAN = 4.00 
49 Interview managers to determine qualifications 
necessary for managing manufacturing and construction 
systems. 
1 2 3 4 
SD = • 4 7 MEAN = 4.00 
5 
5 
50 Organize the class into a corporate structure. Write 
job descriptions for all positions. Interview and hire 
students for positions within the company. 
1 2 3 4 5 
SD = .47 MEAN = 4.33 
51 Evaluate the role of women and minorities in the 
workplace. Determine needed changes for minorities in 
the workplace. 
1 2 3 4 
SD = .31 MEAN = 3.89 
52 Have students determine various applications of 
computers in industry and their effect on the 
workplace. 
1 2 3 4 
SD = • 31 MEAN = 3.89 
5 
5 
Technological Concept #10 
Awareness and assessment of career requirements and 
opportunities. 
53 Compare service occupations and invite a person 
involved in the field to talk to class. 
1 2 3 4 
SD = .31 MEAN = 4.11 
Comments or additional activities: 
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Technological Concept #11 
Make wise consumer decisions on products and services. 
54 Determine how advertising effects prices, creates 
"needs" and persuades consumers. 
1 2 3 4 
SD = .42 MEAN = 4.22 
55 Create posters and flyers advertising the product. 
121 
5 
Determine the effects of marketing on the environment. 
1 2 3 4 5 
SD = .57 MEAN = 3.89 
Comments or additional activities: 
-------------------------------------- --- -------- -----
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SUGGESTED ACTIVITIES 
Have students read on topics related to the development of 
technology. 
Have students work in groups to develop a timeline of 
manufacturing and/or construction. Be sure the students try 
to anticipate the future. 
Have students custom make an individual project. 
Develop a short production run similar to the individual 
project. Discuss the differences between custom and mass 
production. 
Explain the limits and uses of production and the resulting 
impact on society, culture and the environment. 
Evaluate the impact production has on other systems of 
technology. 
Research the education level required for various production 
positions. 
Managing the Enterprise 
Compare the advantages and disadvantages of working in 
manufacturing or construction. 
Provide a guest speaker on personnel management. 
Interview managers to determine qualifications necessary for 
managing manufacturing and construction systems. 
Organize the class into a corporate structure. Write job 
descriptions for all positions. Interview and hire students 
for positions within the company. 
Develop a company name and logo from brainstorming sessions. 
Design a product for a company to sell and perform a market 
survey in the product. 
Organize record keeping system, including: total costs, 
inventory, payroll, and safety records. 
Have a union representative discuss labor issues. 
Develop time and motion study charts to be used during 
production. 
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Evaluate the role of women and minorities in the workplace. 
Determine needed changes for minorities in the workplace. 
Material Processing 
Have students make an individual product that incorporates 
as many materials and processes as possible 
Distinguish between construction and manufacturing 
equipment. 
Design a prototype for the construction activity or 
production run as a group project. The project must address 
a local problem. 
Groups present their prototype to company executives to 
determine which product to produce. 
Implement an ongoing safety program. 
Research and Development 
Test and redesign one or two group products based on a 
market survey and equipment availability. 
Design and build tools, forms, jigs and fixtures as needed 
for producing the product. 
Write an instruction manual for the product if needed. 
Producing 
Determine material, human and capital resources necessary 
for constructing or manufacturing a product. 
Have students rearrange the laboratory so a continuous flow 
of materials will take place with the least amount of 
material handling possible. 
Organize and use charting methods such as the Program 
Evaluation and Review Technique (PERT) or Critical Path 
Methods (CPM) for time and motion studies. 
Define quality. Design and implement a quality control 
system. Use go and no-go gauges. 
Identify, develop and use material handling systems such as 
conveyors, fluidics, robots, hoists, ramps, sawhorses, etc. 
Have students use proper terminology as they go through the 
actual production processes to complete product or 
structure. 
Analyze time and motion studies, PERT charts and quality 
control. 
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Visit a local company using CAD/CAM or robotics to address 
how such technology could be used in class production. 
Use the microcomputer in some facet of the production or 
construction project. 
Have students determine various applications of computers in 
industry and their effect on the workplace. 
Marketing 
Have students bring advertisements from newspapers. These 
should be categorized as advertisements selling: 
a. constructed products; 
b. manufactured goods; and, 
c. services. 
Determine how advertising effects prices, creates "needs" 
and persuades consumers. 
Select a marketing strategy or strategies for marketing a 
product. 
Invite the school newspaper and yearbook to run features on 
the product. 
Create posters and flyers advertising the product. Determine 
the effects of marketing on the environment. 
Servicing 
Evaluate tools, materials and resources which are needed for 
servicing production products. 
Have students perform servicing processes on rejected 
products from the production run. 
Have students bring in items that need to be installed, 
altered, repaired, maintained, etc. 
Using service manuals and other resources, have students 
repair items. 
Evaluate whether a product should be repaired or discarded. 
Compare service occupations and invite a person involved in 





Minnesota Educational Mission Statement 
The purpose of public education is to help individuals 
acquire knowledge, skills, and positive attitudes toward 
self and others that will enable them to solve problems, 
think creatively, continue learning, and develop maximum 
potential for leading productive, fulfilling lives in a 
complex and changing society (Minnesota Plan for Industrial 
Technology, 1984, p. 4). 
Goals of General Education 
The public school should help each student to develop 
personal knowledge, skills, and competence to maximum 
capacity, and to learn behavior patterns which will make 
each a responsible member of society. All students should 
achieve: 
1) Intellectual discipline, 
2) Economic and occupational competence, 
3) Citizenship and political understanding and 
competence, 
4) Physical and environmental health, ecological 
balance, and safety, 
5) Appreciation of culture, language, and life-style 
diversities and their corresponding aesthetic 
values, 
6) Competence in personal and social relationships, and 
7) Use of leisure time (Texas Education Agency, 1984, 
p. 14). 
Definition of Technology Education 
A comprehensive, action-based educational program 
concerned with technical means, their evolution, 
utilization, and significance; with industry, its 
organization, personnel,systems, techniques, resources, and 
products; and their social/cultural impact (Technology 
Education: A Perspective on Implementation, 1985, p. 25). 
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Technology Education Mission Statement 
The study of industry and technology should result in 
people who participate in and adapt to a dynamic 
technological society. This study provides application and 
immediate relevance to principles of math, science, and 
other subject areas while focusing on the development and 
application of industrial technologies. Thus, students of 
industrial technology education become self-learners and 
problem solvers, as well as self-reliant and productive 
members of society (Minnesota Plan for Industrial 
Technology, 1984). 
Goals of Technology Education 
1. Prepare students to work with technical systems within 
the area of communication, production, transportation, 
and energy/power utilization. 
2. Assist students in assessing and preparing for current 
and emerging occupations. 
3. Enhance student mastery of the basics through 
application of math, science, social studies, 
communication, and computer literacy. 
4. Develop student awareness and skill through the safe 
utilization of tools, materials, and equipment. 
5. Provide students with a foundation in entrepreneurship, 
economics, and business relationships. 
6. Assist students in becoming independent learners and 
creative problem solvers who possess self-confidence 
and lifelong learning attitudes. 
7. Establish beliefs and values based upon the impact of 
industry and technology and how it alters environments. 
8. Explore and develop human potential related to 
responsible roles in a technological society (Minnesota 
Plan for Industrial Technology, 1984, p. 4). 
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Course Description 
The introduction to Transportation Technology course 
provides students the opportunity to explore the resources, 
technical processes, industrial applications and impacts of 
transportation. This unit is design to be offered at the 
middle/junior high school level as a part of general 
education for all students (Minnesota Plan for Industrial 
Technology, 1984, p. 16). 
UNIT OBJECTIVES 
At the completion of this unit, the student will be 
able to: 
Select and use the resources used in 
transportation systems and identify terrestrial, 
atmosphere, marine, and space as the four 
transportation environments. 
Compare the purpose of the technical processes of 
structural, propulsion, and control systems and 
describe how they are used in vehicles. 
Evaluate the role of transportation technology in 
the industrial application of areas of 
communication, energy utilization, and production. 
Summarize the technological impact of 
transportation on society and the environment 
(Minnesota Plan for Industrial Technology, 1984, 
p. 16; Gilberti & Horton, 1990, Manuscript 
submitted for publication). 
TRANSPORTATION TECHNOLOGY 
I. Introduction to Transportation 
A. Defining transportation 
B. History of transportation 
II. Identify the Four Transportation Environments 
A. Terrestrial 
1. History of terrestrial transportation 
2. Types of terrestrial transportation 
3. Future of terrestrial transportation 
B. Atmosphere 
1. History of atmosphere transportation 
2. Types of atmosphere transportation 
3. Future of atmosphere transportation 
C. Marine 
1. History of marine transportation 
2. Types of marine transportation 
3. Future of marine transportation 
D. Space 
1. History of space transportation 
2. Types of space transportation 
3. Future of space transportation 







IV. The Role of Transportation in the areas of 










(Minnesota Plan for Industrial Technology, 1984, p. 16; 
Schwaller, 1989; Gilberti & Horton, 1990, Manuscript 




Technological Concept #1 
Understand the conceptual framework of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
1 Have students read and view audio/visual material 
related to the development of transportation 
technology. 
1 2 3 4 
SD = .83 MEAN = 3.56 
2 Have students work in groups to develop a timeline of 
transportation development. Be sure the students try 
to anticipate the future. 
1 2 3 4 
SD = .63 MEAN= 3.78 
3 Research social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 
SD= .74 MEAN = 3.89 
4 Explain the limits and uses of transportation and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 





Technological Concept #1 
Understand the conceptual framework of technology. 
STRONGLY 
DISAGREE 




5 Evaluate the impact transportation has on other systems 
of technology. 
1 2 3 4 5 
SD = • 5 7 MEAN = 4.11 
Comments or additional activities: 
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Technological Concept #2 
Develop a knowledge of technological concepts and devices. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
6 Plan an assigned long and short trip and compare the 
costs between various types of transportation. 
1 2 3 4 
SD = .67 MEAN = 3.67 
7 Describe the limits that transportation places on 
society. 
1 2 3 4 
SD = .57 MEAN = 4.11 
8 Analyze several pictures, models or actual 
transportation devices and identify their technical 
systems. 
1 2 3 4 




9 Make a poster or chart that illustrates the resources 
needed to transport people or goods through each of the 
four environments. 
1 2 3 4 
SD = 1.15 MEAN = 3.67 
10 Research social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 




Technological Concept #2 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
11 Redesign an old or design a new mass transit system for 
a local city or section of the city. 
1 2 3 4 5 
SD = • 6 7 MEAN = 3.67 
Comments or additional activities: 
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Technological Concept #3 
Apply technology assessment to human problems. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
12 Plan an assigned long and short trip and compare costs 
between various types of transportation. 
1 2 3 4 
SD = • 8 2 MEAN = 4.00 
13 Describe the limits that transportation places on 
society. 
1 2 3 4 
SD = .67 MEAN = 3.67 
5 
5 
14 Make drawings and a model of a city with transportation 
systems in place and, design other systems to improve 
local transportation. 
1 2 3 4 
SD = 1.05 MEAN = 3.67 
15 Research social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 
SD = • 8 3 MEAN = 3.56 
5 
5 
16 Change the traffic pattern of a hallway in school, and 
study the changes in student movement. Apply this 
information to local traffic problems. 
1 2 3 4 5 
SD = • 4 7 MEAN = 4.00 
Comments or additional activities: 
Technological Concept #4 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
17 Calculate fuel consumption for a simulated 
teacher-assigned trip. 
1 2 3 4 
SD = .48 MEAN = 4.38 
5 
18 Plan an assigned long and short trip and compare costs 
between various types of transportation. 
1 2 3 4 5 
SD= .78 MEAN = 3.87 
19 Calculate the costs of building several terrestrial 
transportation systems. Consider loss of land, 
environmental damage and the impact on- area residence. 
1 2 3 4 
SD = 1.00 MEAN = 3.50 
20 Evaluate the effect of product design on a vehicle, 
including; costs, energy use, materials required and 
environmental impact. 
1 2 3 4 
SD = • 7 9 MEAN= 3.78 




Technological Concept #5 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
21 Have students read and view audio/visual material 
related to the development of transportation 
technology. 
1 2 3 4 
SD = • 6 7 MEAN = 3.67 
22 Have students work in groups to develop a timeline of 
transportation development. Be sure the students try 
to anticipate the future. 
1 2 3 4 
SD = • 6 0 MEAN = 3.87 
23 Describe the limits that transportation places on 
society. 
1 2 3 4 




24 Make a poster or chart that illustrates the resources 
needed to transport people or goods through each of the 
four environments. 
1 2 3 4 5 
SD = • 6 7 MEAN = 4.00 
25 Make drawings and a model of a city with transportation 
systems in place, and design other systems to improve 
local transportation. 
1 2 3 4 5 
SD = .87 MEAN = 3.89 
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Technological Concept #5 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
26 Research the social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 
SD = • 7 4 MEAN = 3.89 
5 
27 Calculate the costs of building several terrestrial 
transportation systems. Consider loss of land, 
environmental damage and the impact on area residence. 
1 2 3 4 
SD = • 9 2 MEAN= 3.78 
28 Explain the limits and uses of transportation and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 
SD= .74 MEAN = 3.89 
5 
5 
29 Determine the role of each transportation system on 
society. Include the impact of a transportation system 
failure. 
1 2 3 4 5 
SD = • 7 9 MEAN= 3.78 
Comments or additional activities: 
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Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
30 Make drawings and a model of a city with transportation 
systems in place, and design other systems to improve 
local transportation. 
1 2 3 4 
SD = .87 MEAN = 3.89 
31 Research the social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 
SD= .79 MEAN= 3.78 
32 Explain the limits and uses of transportation and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 




33 Evaluate the impact transportation has on other systems 
of technology. 
1 2 3 4 5 
SD = • 8 2 MEAN = 4.00 
34 Change the traffic pattern of a hallway in school, and 
study the changes in student movement. Apply this 
information to local traffic problems. 
1 2 3 4 5 
SD = .67 MEAN = 3.33 
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Technological Concept #6 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
35 Redesign an old or design a new mass transit system for 
a local city or section of the city. 
1 2 3 4 5 
SD = • 4 7 MEAN = 3.67 
36 Determine the role of each transportation system on 
society. Include the impact of a transportation system 
failure. 
1 2 3 4 5 
SD = • 7 4 MEAN = 3.89 
Comments or additional activities: 
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Technological Concept i7 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
37 Describe the limits that transportation places on 
society. 
1 2 3 4 
SD= .79 MEAN = 3.78 
38 Research social changes that have resulted from 
transportation and predict future changes. 
1 2 3 4 
SD= .79 MEAN = 3.78 
5 
5 
39 Calculate the costs of building several terrestrial 
transportation systems. Consider loss of land, 
environmental damage and the impact on area residence. 
1 2 3 4 
SD = • 8 2 MEAN = 3.67 
40 Explore the careers and educational requirements of 
transportation workers. 
1 2 3 4 
SD = .47 MEAN = 3.67 




Technological Concept #8 
Gather, analyze, and evaluate data. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
41 Have students work in groups to develop a timeline of 
transportation development. Be sure the students try 
to anticipate the future. 
1 2 3 4 
SD = • 9 2 MEAN= 3.78 
42 Plan an assigned long and short trip and compare the 
costs between various types of transportation. 
1 2 3 4 
SD= .74 MEAN = 3.89 
43 Analyze several pictures, models or actual 
transportation devices and identify their technical 
systems. 
1 2 3 4 




44 Make a poster or chart that illustrates the resources 
needed to transport people or goods through each of the 
four environments. 
1 2 3 4 5 
SD = • 6 8 MEAN = 3.44 
45 Research the costs and contributions of NASA. Evaluate 
if this is an appropriate use of resources. 
1 2 3 4 5 
SD = • 8 7 MEAN = 4.11 
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Technological Concept #8 
Gather, analyze, and evaluate data. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
46 Redesign an old or design a new mass transit system for 
a local city or section of the city. 
1 2 3 4 
SD = .68 MEAN = 3.44 
47 Evaluate the effect of product design on a vehicle, 
including; costs, energy use, materials required and 
environmental impact. 
1 2 3 4 
SD = .63 MEAN= 3.78 
Comments or additional activities: 
5 
5 
Technological Concept #9 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
48 Make drawings and a model of a city with transportation 
systems in place, and design other systems to improve 
local transportation. 
1 2 3 4 
SD = .96 MEAN = 3.56 
49 Determine the impact of consumers choices on the 
different transportation systems. 
1 2 3 4 
SD = .83 MEAN = 3.56 
Comments or additional activities: 
5 
5 
Technological Concept #10 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
50 Outline skills and educational requirements for a 
career in transportation technology. 
1 2 3 4 
SD = 1.07 MEAN = 3.56 
51 Explore the careers and educational requirements of 
transportation workers. 
1 2 3 4 
SD = .57 MEAN = 4.11 
52 Provide a guest speaker on careers and discuss the 
requirements of those careers in transportation 
technology. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 





Technological Concept #11 
Make wise consumer decisions on products and services. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
53 Evaluate effect of product design on a vehicle, 
including; costs, energy use, materials required and 
environmental impact. 
1 2 3 4 
SD = • 6 8 MEAN = 3.56 
54 Determine the role of each transportation system on 
5 
society. Include the impact of a transportation system 
failure. 
1 2 3 4 5 
SD = • 7 9 MEAN = 3.22 
55 Determine the impact of consumers choices on the 
different transportation systems. 
1 2 3 4 5 
SD = .67 MEAN = 3.67 




Have students read and view audio/visual material related to 
the development of transportation technology. 
Have students work in groups to develop a timeline of 
transportation development. Be sure the students try to 
anticipate the future. 
Calculate fuel consumption for a simulated teacher-assigned 
trip. 
Plan an assigned long and short trip and compare costs 
between various types of transportation. 
Describe the limits that transportation places on society. 
Analyze several pictures, models or actual transportation 
devices and identify their technical systems. 
Make a poster or chart that illustrates the resources needed 
to transport people or goods through each of the four 
environments. 
Make drawings and a model of a city with transportation 
systems in place and design other systems to improve local 
transportation. 
Research the social changes that have resulted from 
transportation and predict future changes. 
Outline skills and educational requirements for a career in 
transportation technology. 
Terrestrial 
Plan trips using map reading and routing activities. 
Operate a radio-controlled model car through a predetermined 
course. 
Design and build a mousetrap-powered vehicle. 
Construct a working model of a magnetic levitation train. 
Calculate the costs of building several terrestrial 
transportation systems. Consider loss of land, 
environmental damage and the impact on area residence. 
Marine 
Construct a rubber band-powered boat to be raced in a 
water-filled rain gutter section that has been capped on 
both ends. 
Design a rubber band-powered model of a submarine. 
Operate a radio-controlled boat. 
Atmosphere 
Design and fly paper airplanes. 
Construct and fly a hot air balloon. 
Design a guided balloon using paper, sting, glue, straws, 
and a balloon. 
Operate a radio-controlled airplane. 
Spacial 
Construct and fly a model rocket. 
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Research the costs and contributions of NASA. Evaluate if 
this is an appropriate use of resources. 
Construct a model space station; including everything needed 
to exit, communicate with earth and travel in space. 
Impacts 
Explain the limits and uses of transportation and the 
resulting impact on society, culture and the environment. 
Evaluate the impact transportation has on other systems of 
technology. 
Change the traffic pattern of a hallway in school, and study 
the changes in student movement. Apply this information to 
local traffic problems. 
Redesign an old or design a new mass transit system for a 
local city or section of the city. 
Evaluate the effect of product design on a vehicle, 
including; costs, energy use, materials required and 
environmental impact. 
Determine the role of each transportation system on society. 
Include the impact of a transportation system failure. 
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Determine the impact of consumers choices on the different 
transportation systems. 
Explore the careers and educational requirements of 
transportation workers. 
Provide a guest speaker on careers and discuss the 





Minnesota Educational Mission Statement 
The purpose of public education is to help individuals 
acquire knowledge, skills, and positive attitudes toward 
self and others that will enable them to solve problems, 
think creatively, continue learning, and develop maximum 
potential for leading productive, fulfilling lives in a 
complex and changing society (Minnesota Plan for Industrial 
Technology, 1984, p. 4). 
Goals of General Education 
The public school should help each student to develop 
personal knowledge, skills, and competence to maximum 
capacity, and to learn behavior patterns which will make 
each a responsible member of society. All students should 
achieve: 
1) Intellectual discipline, 
2) Economic and occupational competence, 
3) Citizenship and political understanding and 
competence, 
4) Physical and environmental health, ecological 
balance, and safety, 
5) Appreciation of culture, language, and life-style 
diversities and their corresponding aesthetic 
values, 
6) Competence in personal and social relationships, 
and 
7) Use of leisure time (Texas Education Agency, 1984, 
p. 14). 
Definition of Technology Education 
A comprehensive, action-based educational program 
concerned with technical means, their evolution, 
utilization, and significance; with industry, its 
organization, personnel,systems, techniques, resources, and 
products; and their social/cultural impact (Technology 





Technology Education Mission Statement 
The study of industry and technology should result in 
people who participate in and adapt to a dynamic 
technological society. This study provides application and 
immediate relevance to principles of math, science, and 
other subject areas while focusing on the development and 
application of industrial technologies. Thus, students of 
industrial technology education become self-learners and 
problem solvers, as well as self-reliant and productive 
members of society (Minnesota Plan for Industrial 
Technology, 1984). 
Goals of Technology Education 
1. Prepare students to work with technical systems within 
the area of communication, production, transportation, 
and energy/power utilization. 
2. Assist students in assessing and preparing for current 
and emerging occupations. 
3. Enhance student mastery of the basics through 
application of math, science, social studies, 
communication, and computer literacy. 
4. Develop student awareness and skill through the safe 
utilization of tools, materials, and equipment. 
5. Provide students with a foundation in entrepreneurship, 
economics, and business relationships. 
6. Assist students in becoming independent learners and 
creative problem solvers who possess self-confidence 
and lifelong learning attitudes. 
7. Establish beliefs and values based upon the impact of 
industry and technology and how it alters environments. 
8. Explore and develop human potential related to 
responsible roles in a technological society (Minnesota 
Plan for Industrial Technology, 1984, p. 4). 
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Course Description 
The introduction to Communication Technology course 
provides students the opportunity to explore the resources, 
technical processes, industrial applications and impacts of 
communication. This unit is design to be offered at the 
middle/junior high school level as a part of general 
education for all students (Minnesota Plan for Industrial 
Technology, 1984, p. 16). 
UNIT OBJECTIVES 
At the completion of this unit, the student will be 
able to: 
Select and use some common resources used in 
communication; 
Compare communication processes; 
Evaluate communication applications in the 
industrial technologies energy and power 
utilization, production, and transportation; and, 
Assess impacts of communication on society and the 
environment (Minnesota Plan for Industrial 
Technology, 1984, p. 16). 
COMMUNICATION TECHNOLOGY 
I. Introduction to Communication Technology 
A. Overview of course 
B. Definition of communication technology 
C. Types of communication technology 
1. Graphic communication technology 
2. Electronic communication technology 






E. Career opportunities in communication technology 




4. Transmission of culture 
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II. Graphic Arts 
A. Printing 
1. History and impact of graphic arts 
2. Types of printing processes 
a. Relief printing 
b. Stencil printing 
c. Planographic printing 
d. Electrostactic printing 
e. Intaglio printing 
f. Ink jet printing 
3. Printing techniques 
4. Graphic arts in the future 
5. Careers in graphic arts 
B. Design/Drafting 
1. Drafting as a universal language 
2. Types of drafting 
3. Principles of design 
4. Sketching techniques 
5. Computer-assisted drafting and design 
6. Impact of drafting and design 
7. Careers in design/drafting 
C. Photography 
1. Camera operation 
2. Layers and composition of film 
a. Base 
b. Emulsion 
3. Principles of film exposure and processing 
a. Light-sensitive material 
b. Processing chemicals 
c. Science principles 
4. Enlarging equipment and techniques 
5. Impact of photography 
6. Careers in photography 
D. Film 
1. Early developments and pioneers of film 
2. The feature length film 
3. Filmmaking as a business 
4. Types of film 
III. Electronic Communication 
A. Radio 
1. Early developments and pioneers of radio 
2. Radio as a mass medium 
3. Contemporary radio 
4. The future of radio 
B. Television 
1. Early developments and pioneers of television 
2. Television as a mass medium 
3. Contemporary television 
4. The future of television 
C. Planning and producing a broadcast production 
1. Broadcasting formats 










A. Role of telecommunications in communication 
B. Types of telecommunications systems 
C. Impact of telecommunications 
D. Careers in telecommunications 
(Minnesota Plan for Industrial Technology, 1984, p. 16i 




Technological Concept #1 
Understand the conceptual framework of technology. 
STRONGLY 
DISAGREE 




1 Have students read topics related to the development of 
communication technology. 
1 2 3 4 5 
SD = • 9 6 MEAN = 3.56 
2 Have students work in groups to develop a timeline of 
communication development. Be sure the students try to 
anticipate the future. 
1 2 3 4 5 
SD = .87 MEAN = 3.89 
3 Act out the communication process by having one student 
be the sender, another the receiver and the rest of the 
class the interference. Discuss what is needed for 
effective communication to take place. 
1 2 3 4 5 
SD = .47 MEAN = 4.00 
* Modified 
4 Design activities to demonstrate the limits and uses of 
communication and the resulting impact on society, 
culture and the environment. 
1 2 3 4 5 
SD = .47 MEAN = 4. 0 0 
Comments or additional activities: 
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Technological Concept #2 
Develop a knowledge of technological concepts and devices. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
5 Have students read on topics related to the development 
of communication technology. 
1 2 3 4 
SD = • 9 4 MEAN = 3.67 
6 Have students complete a drawing using computer-aided 
drafting (CAD) • 
1 2 3 4 
SD = • 4 2 MEAN = 4.78 
7 Make and use a pin hole camera to make a photograph. 
1 2 3 4 
SD = • 6 0 MEAN = 3.87 
8 Present examples of past printing methods. 
1 2 3 4 
SD = • 0 0 MEAN = 4.00 
9 Print on a teacher prepared screen to demonstrate 
screen printing. 
1 2 3 4 
SD = .57 MEAN = 4.11 
10 Identify and discuss various telecommunication 
technologies in use today. Determine how each new 
telecommunication device effects our communication. 
1 2 3 4 








Technological Concept #2 
Develop a knowledge of technological concepts ana devices. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
11 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. 
1 2 3 4 5 
SD = .47 MEAN = 4.33 
12 Send and receive a fax to obtain instant information. 
1 2 3 4 5 
SD = .47 MEAN = 4.67 
Comments or additional activities: 
~~~~~~~~~~~~~~-
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Technological Concept #3 
Apply technology assessment to human problems. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
13 Evaluate the impacts communication has on other systems 
of technology. 
1 2 3 4 
SD = • 5 7 MEAN = 4.11 
14 Allow students to mind-storm on a school building 
related problem. Have individual students design and 
draft possible solutions. 
1 2 3 4 
SD = .57 MEAN = 4.11 
15 Identify incidents that students have seen or heard 
through a broadcasting medium that qualify as instant 
information. 
1 2 3 4 
SD = • 4 2 MEAN= 3.78 





Technological Concept #4 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
16 Allow students to mind-storm on a school building 
related problem. Have individual students design and 
draft possible solutions. 
1 2 3 4 
SD = .42 MEAN= 3.78 
17 Have students complete a drawing using computer-aided 
drafting (CAD). 
1 2 3 4 
SD = .47 MEAN = 4.00 
5 
5 
18 Assess the costs of various communication technologies, 
including: environmental, educational training and 
increased information transfer. 
1 2 3 4 
SD = .57 MEAN = 3.89 
* NEW 
19 Using ratios, determine formulas for mixing given 
quantities of film processing chemicals. 
1 2 3 4 
SD = 1.10 MEAN = 3.11 




Technological Concept #5 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
20 Explain the limits and uses of communication and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 
SD = • 8 2 MEAN = 3.33 
5 
21 Evaluate the impacts communication has on other systems 
of technology. 
1 2 3 4 
SD= .74 MEAN = 3.89 
* Modified 
22 Research the education level required for various 
communication careers of personal interest. 
1 2 3 4 
SD = .57 MEAN = 3.11 
23 Summarize changes in the workplace due to CAD and the 
impact on education and careers. 
1 2 3 4 




24 Evaluate the role of photography in purchasing habits, 
likes and dislikes, emotions and opinions. 
1 2 3 4 5 
SD = • 5 0 MEAN = 4.00 
Technological Concept #5 
Develop a knowledge of the relationship and role of 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
25 Identify and discuss the environmental problems of 
graphic arts materials. 
1 2 3 4 
SD = .82 MEAN = 4.00 
5 
26 Predict what changes would be experienced if radio and 
television were no longer available. 
1 2 3 4 
SD = • 8 2 MEAN = 4.00 
27 Identify and discuss various telecommunication 
technologies in use today. Determine how each new 
telecommunication device effects our communication. 
1 2 3 4 
SD = .43 MEAN = 4.25 
5 
5 
28 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. 
1 2 3 4 5 
SD = .48 MEAN = 4.38 
* Modified 
29 Assess the costs of various communication technologies, 
including: environmental, educational training and 
increased information transfer. Predict changes in the 
next five years. 
1 2 3 4 5 
SD = .43 MEAN = 4.25 
Technological Concept #5 
Develop a knowledge of the relationship and role of 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
30 Identify environmentally harmful items created by 
communication technology. Develop criteria to weigh 
economic and environmental impacts of communication 
technology. 
l 2 3 4 
SD = .94 MEAN = 4.33 




Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
31 Act out the communication process by having one student 
be the sender, another the receiver and the rest of the 
class the interference. Discuss what is needed for 
effective communication to take place. 
1 2 3 4 
SD = .67 MEAN = 3.67 
32 Explain the limits and uses of communication and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 




33 Evaluate the impacts communication has on other systems 
of technology. Predict changes in the next five years. 
1 2 3 4 
SD = • 5 7 MEAN = 3.89 
34 Demonstrate how to develop and enlarge photographs 
using a pinhole camera. 
1 2 3 4 
SD= .79 MEAN= 3.78 
5 
5 
35 Evaluate the role of photography in purchasing habits, 
likes and dislikes, emotions and opinions. 
1 2 3 4 5 
SD = .63 MEAN = 3.78 
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Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
36 Present examples of past printing methods. 
1 2 3 4 
SD = • 6 7 MEAN = 3.67 
* Modified 
37 Identify incidents that students have seen or heard 
through a broadcasting medium that qualify as instant 
information. Predict changes in the next five years. 
1 2 3 4 
SD = .42 MEAN = 3.78 
38 Identify and discuss various telecommunication 
technologies in use today. Determine how each new 
telecommunication device effects our communication. 
1 2 3 4 





39 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. Predict changes 
in the next five years. 
1 2 3 4 5 
SD = • 4 7 MEAN = 4.00 
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Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
40 Send and receive a fax to obtain instant information. 
1 2 3 4 5 
SD = .42 MEAN = 4.22 
Comments or additional activities: 
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Technological Concept #7 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
41 Research the education level required for various 
communication careers of personal interest. 
1 2 3 4 
SD = .50 MEAN = 3.44 
42 Summarize changes in the workplace due to CAD and the 
impacts on education and careers. 
1 2 3 4 
SD = .57 MEAN = 3.89 
43 Identify incidents that students have seen or heard 
through a broadcasting medium that qualify as instant 
information. 
1 2 3 4 




44 Have groups plan and produce a short broadcast, dealing 
with an environmental issue. 
1 2 3 4 5 
SD = .57 MEAN = 4.11 
45 Predict what changes would be experienced if radio and 
television were no longer available. 
1 2 3 4 5 
SD = • 6 7 MEAN = 4.00 
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Technological Concept #7 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
46 Identify and discuss various telecommunication 
technologies in use today. Determine how each new 
telecommunication device effects our communication. 
1 2 3 4 
SD = .47 MEAN = 4. 00 
5 
47 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. 
1 2 3 4 5 
SD = .57 MEAN = 4.11 
48 Send and receive a fax to obtain instant information. 
1 2 3 4 5 
SD= .70 MEAN = 3.62 
Comments or additional activities: 
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Technological Concept #8 
Gather, analyze, and evaluate data. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
49 Allow students to mind-storm on a school building 
related problem. Have individual students design and 
draft possible solutions. 
1 2 3 4 
SD= .71 MEAN = 3.50 
50 Summarize changes in the workplace due to CAD ana the 
impacts on education and careers. 
1 2 3 4 
SD = • 8 3 MEAN= 3.75 
5 
5 
51 Have groups plan and produce a short broadcast, dealing 
with an environmental issue. 
1 2 3 4 
SD = • 6 0 MEAN = 4.12 
52 Identify and discuss various telecommunication 
technologies in use today. Determine how each new 
telecommunication device effects our communication. 
1 2 3 4 
SD = • 71 MEAN = 4.00 
5 
5 
53 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. 
1 2 3 4 5 
SD = .66 MEAN= 3.75 
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Technological Concept #8 
Gather, analyze, and evaluate data. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
54 Assess the costs of various communication technologies, 
including: environmental, educational training and 
increased information transfer. 
1 2 3 4 
SD = • 6 0 MEAN = 4.12 
* Modified 
55 Identify environmentally harmful items created by 
communication technology Develop criteria to weigh 
economic and environmental impacts of communication 
technology. 
1 2 3 4 
SD = • 6 0 MEAN = 4.12 





Technological Concept #9 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
56 Allow students to mind-storm on a school building 
related problem. Have individual students design and 
draft possible solutions. 
1 2 3 4 
SD = • 7 0 MEAN = 3.62 
5 
57 Evaluate the role of photography in purchasing habits, 
likes and dislikes, emotions and opinions. 
l 2 3 4 
SD = • 71 MEAN = 3.50 
58 Identify incidents that students have seen or heard 
through a broadcasting medium that qualify as instant 
information. 
l 2 3 4 
SD = .86 MEAN = 3.62 
5 
5 
59 Have groups plan and produce a short broadcast, dealing 
with an environmental issue. 
1 2 3 4 5 
SD = .50 MEAN = 4.00 
Comments or additional activities: 
Technological Concept #10 









60 Research the education level required for various 
communication careers of personal interest. 
1 2 3 4 5 
SD = .50 MEAN = 4.00 
61 Explain how new and emerging technologies such as 
electronic mail services, home computers, video phones 
and interactive television have or will effect our 
privacy, work and leisure activities. 
1 2 3 4 5 
SD = .66 MEAN= 3.75 
Comments or additional activities: 
~~~~~~~~~~~~~~~ 
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Technological Concept Ill 
Make wise consumer decisions on products and services. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
62 Determine the effects consumer decisions have on 
communication technology. 
1 2 3 4 
SD= .78 MEAN = 3.87 
5 
63 Evaluate the role of photography in purchasing habits, 
likes and dislikes, emotions and opinions. 
1 2 3 4 5 
SD = .87 MEAN = 4.00 
64 Send and receive a fax to obtain instant information. 
1 2 3 4 5 
SD = .83 MEAN = 3.75 
Comments or additional activities: 
SUGGESTED ACTIVITIES 
Have students read topics related to the development of 
communication technology. 
Have students work in groups to develop a timeline of 
communication development. Be sure the students try to 
anticipate the future. 
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Act out the communication process by having one student be 
the sender, another the receiver and the rest of the class 
the interference. Discuss what is needed for effective 
communication to take place. 
Explain the limits and uses of communication and the 
resulting impact on society, culture and the environment. 
Evaluate the impacts communication has on other systems of 
technology. 
Research the education level required for various 
communication careers of personal interest. 
Determine the effects consumer decisions have on 
communication technology. 
Drafting/Design 
Allow students to mind-storm on a school building related 
problem. Have individual students design and draft possible 
solutions. 
Have students complete a drawing using computer-aided 
drafting (CAD) • 
Summarize changes in the workplace due to CAD and the 
impacts on education and careers. 
Photography 
Make and use a pin hole camera to make a photograph. 
Demonstrate how to develop and enlarge photographs using a 
pinhole camera. 
Evaluate the role of photography in purchasing habits, likes 
and dislikes, emotions and opinions. 
Graphic Arts 
Present examples of past printing methods. 
Print on a teacher prepared screen to demonstrate screen 
printing. 
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Identify and discuss the environmental problems of graphic 
arts materials. 
Broadcasting 
Identify incidents that students have seen or heard through 
a broadcasting medium that qualify as instant information. 
Have groups plan and produce a short environmental 
broadcast. 
Predict what changes would be experienced if radio and 
television were no longer available. 
Telecommunications 
Identify and discuss various telecommunication technologies 
in use today. Determine how each new telecommunication 
device effects our communication. 
Explain how new and emerging technologies such as electronic 
mail services, home computers, video phones and interactive 
television have or will effect our privacy, work ana leisure 
activities. 
Send and receive a fax to obtain instant information. 
Impacts 
Assess the costs of various communication technologies; 
including: environmental, educational training and increased 
information transfer. 
Identify environmentally harmful items created by 
communication technology. Develop criteria to weigh 






Minnesota Educational Mission Statement 
The purpose of public education is to help individuals 
acquire knowledge, skills, and positive attitudes toward 
self and others that will enable them to solve problems, 
think creatively, continue learning, and develop maximum 
potential for leading productive, fulfilling lives in a 
complex and changing society (Minnesota Plan for Industrial 
Technology, 1984, p. 4). 
Goals of General Education 
The public school should help each student to develop 
personal knowledge, skills, and competence to maximum 
capacity, and to learn behavior patterns which will make 










Economic and occupational competence, 
Citizenship and political understanding and 
competence, 
Physical and environmental health, ecological 
balance, and safety, 
Appreciation of culture, language, and life-style 
diversities and their corresponding aesthetic 
values, 
Competence in personal and social relationships, 
and 
Use of leisure time (Texas Education Agency, 1984, 
p. 14). 
Definition of Technology Education 
A comprehensive, action-based educational program 
concerned with technical means, their evolution, 
utilization, and significance; with industry, its 
organization, personnel,systems, techniques, resources, and 
products; and their social/cultural impact (Technology 
Education: A Perspective on Implementation, 1985, p. 25). 
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Technology Education Mission Statement 
The study of industry and technology should result in 
people who participate in and adapt to a dynamic 
technological society. This study provides application and 
immediate relevance to principles of math, science, and 
other subject areas while focusing on the development and 
application of industrial technologies. Thus, students of 
industrial technology education become self-learners and 
problem solvers, as well as self-reliant and productive 
members of society (Minnesota Plan for Industrial 
Technology, 1984). 
Goals of Technology Education 
1. Prepare students to work with technical systems within 
the area of communication, production, transportation, 
and energy/power utilization. 
2. Assist students in assessing and preparing for current 
and emerging occupations. 
3. Enhance student mastery of the basics through 
application of math, science, social studies, 
communication, and computer literacy. 
4. Develop student awareness and skill through the safe 
utilization of tools, materials, and equipment. 
5. Provide students with a foundation in entrepreneurship, 
economics, and business relationships. 
6. Assist students in becoming independent learners and 
creative problem solvers who possess self-confidence 
and lifelong learning attitudes. 
7. Establish beliefs and values based upon the impact of 
industry and technology and how it alters environments. 
8. Explore and develop human potential related to 
responsible roles in a technological society (Minnesota 
Plan for Industrial Technology, 1984, p. 4). 
1 78 
Course Description 
The introduction to Energy and Power Utilization course 
provides students the opportunity to explore the resources, 
technical processes, industrial applications and impacts of 
energy and power use. This unit is design to be offered at 
the middle/junior high school level as a part of general 
education for all students (Minnesota Plan for Industrial 
Technology, 1984, p. 16). 
UNIT OBJECTIVES 
At the completion of this unit, the student will be 
able to: 
Select and use common sources of energy. 
Measure and control energy and power while using 
them to perform technical processes. 
Describe how energy and power are utilized in 
communication, production, and transportation. 
Summarize the impacts of energy and power usage on 
society and the environment (Minnesota Plan for 
Industrial Technology, 1984, p. 16). 
ENERGY AND POWER UTILIZATION TECHNOLOGY 
I. Introduction 
A. History of energy and power 
B. Uses of energy and power 
II. Energy 






6. Nuclear--Fast breeder 




c. Natural gas 
d. Nuclear 







C. Conversion of energy forms 
D. Energy conservation 
1. Need for conservation 
2. Human values 
III. Power 
A. Machines 
B. Heat engines 
1. Two-cycle Engines 
2. Four-cycle Engines 
3. Diesel Engines 
C. Fluid Power 
1. Hydraulic systems 
2. Pneumatic systems 
D. Electrical power 
1. Electricity 
2. Basic circuits 
3. Magnetism 
4. Solid-state circuits 




D. Advantage gaining 
E. Protecting 
F. Directing 
V. Measurement of Energy and Power 
A. Measurement of energy 
B. Measurement of power 





(Minnesota Plan for Industrial Technology, 1984, p. 16; 




Technological Concept #1 
Understand the conceptual framework of technology. 
STRONGLY 
DISAGREE 




1 Have students read topics related to the development of 
power/energy technology. 
1 2 3 4 5 
SD = .96 MEAN = 3.56 
2 Have students work in groups to develop a timeline of 
power/energy development. Be sure the students try to 
anticipate the future. 
1 2 3 4 5 
SD = .87 MEAN = 3.89 
Comments or additional activities: 
181 
Technological Concept #2 




3 Build solar siters. 
1 2 
SD = • 4 2 
* Modified 
NO OPINION AGREE 
3 4 
MEAN = 3.22 
4 Construct a solar collector or solar stove. 
1 2 3 4 





5 Use appropriate instruments, measure the output voltage 
and amperage produced by a model wind generator. 
1 2 3 4 
SD = .31 MEAN = 4.11 
6 Demonstrate and explain torque, gear reduction, 
combination gears, worm gears, etc. 
1 2 3 4 
SD = • 5 7 MEAN = 3.89 
5 
5 
7 Demonstrate the principles of speed-power conversion on 
a ten speed bicycle. 
1 2 3 4 5 
SD = .50 MEAN = 4.00 
182 
Technological Concept #2 
Develop a knowledge of technological concepts and devices. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
8 Design an electrical generator using a ten speed, and 
have students generate power equal to classroom 
requirements. 
1 2 3 4 
SD = .57 MEAN = 4.11 
5 
9 Experiment with universal, permanent magnet and 
synchronous motors. Students should be able to explain 
how electricity is converted to mechanical power. 
1 2 3 4 5 
SD = .57 MEAN = 4.11 
10 Using permanent magnets and wire, construct a 
generator. Devise various ways to turn the generator, 
e.g., water wheel, wind, chipmunks, etc. 
1 2 3 4 5 
SD = • 4 2 MEAN = 4.22 
11 Have students perform an energy audit of their homes to 
determine heat loss. 
l 2 3 4 5 
SD = .67 MEAN = 4.00 
Comments or additional activities: 
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Technological Concept #3 
Apply technology assessment to human problems. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
12 Have students design a solar collector or solar stove 
for their personal use. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
13 Have students measure the length of the overhang on 
their homes, and discuss the variations between homes 
and the effects of these variations. 
1 2 3 4 
SD= .74 MEAN = 3.89 
5 
5 
14 Explain the environmental characteristics necessary for 
a wind generator site. 
1 2 3 4 5 
SD = .31 MEAN = 3.89 
* Modified 
15 Assess several appropriate sites for a wind generator 
on school grounds. Plot wind speed characteristics of 
each location for one month. 
1 2 3 4 
SD = • 6 8 MEAN = 3.56 
16 Design an electrical generator using a ten speed and 
have students generate power equal to classroom 
requirements. 
1 2 3 4 




Technological Concept #3 
Apply technology assessment to human problems. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
17 Have students perform an energy audit of their homes to 
determine heat loss. 
1 2 3 4 
SD = .66 MEAN = 4.25 
* Modified 
18 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
1 2 3 4 
SD = • 7 9 MEAN = 4.22 
Comments or additional activities: 
5 
5 
Technological Concept #4 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
19 Have students measure the length of the overhang on 
their homes and discuss the variations between homes 
and the effects of these variations. 
1 2 3 4 
SD = .57 MEAN = 3.89 
5 
20 Use appropriate instruments, measure the output voltage 
and amperage produced by a scaled wind generator. 
1 2 3 4 5 
SD = .50 MEAN = 4.00 
21 Calculate the wattage in the above activity. 
1 2 3 4 5 
SD = • 4 7 MEAN = 4.00 
22 Calculate and determine practicality of full-scale wind 
generators. 
1 2 3 4 
SD = .47 MEAN = 3.67 
23 Demonstrate and explain torque, gear reduction, 
combination gears, worm gears, etc. 
1 2 3 4 
SD = • 3 3 MEAN = 3.87 
5 
5 
24 Demonstrate the principles of speed-power conversion on 
a ten speed bicycle. 
1 2 3 4 5 
SD = .31 MEAN = 3.89 
186 
Technological Concept #4 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
25 Design an electrical generator using a ten speed, and 
have students generate power equal to classroom 
r equ i r eme nts. 
l 2 3 4 
SD = • 4 7 MEAN = 3.67 
5 
26 Design a rubber band-powered vehicle using a given 
amount of material. Calculate horsepower, velocity and 
speed of the vehicle. Evaluate students vehicles for 
speed and guidance systems. 
l 2 3 4 5 
SD = • 4 3 MEAN = 3.75 
27 Have students perform an energy audit of their homes to 
determine heat loss. 
l 2 3 4 
SD = .50 MEAN = 4.00 
* Modified 
28 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
l 2 3 4 
SD = .57 MEA.N = 3. 8 9 
5 
5 
29 Determine energy usage of classroom activities. Assess 
costs and benefits from the energy usage. 
l 2 3 4 5 
SD = .50 MEAN = 3.56 
Technological Concept #5 
Develop a knowledge of the relationship and r~le of 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
30 Explain the limits and uses of power/energy and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 
SD = • 8 2 MEAN = 4.00 
5 
31 Contact a local power company about their "buy back" of 
customer produced electricity. 
1 2 3 4 5 
SD = .63 MEAN= 3.78 
32 Calculate and determine practicality of full-scale wind 
generators. 
1 2 3 4 5 
SD = .67 MEAN = 3.67 
33 Explain the environmental characteristics necessary for 
a wind generator site. 
1 2 3 4 5 
SD = • 6 3 MEAN= 3.78 
* Modified 
34 Assess several appropriate sites for a wind generator 
on school grounds. Plot wind speed characteristics of 
each location for one month. 
1 2 3 4 5 
SD = .67 MEAN= 3 .33 
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Technological Concept #5 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
35 Have students perform an energy audit of their homes to 
determine heat loss. 
1 2 3 4 5 
SD = .57 MEAN = 4.11 
* Modified 
36 Have students identify energy saving techniques for 
their homes. Compare savings and costs of improvements. 
1 2 3 4 
SD = .47 MEAN = 4.00 
37 Provide a guest speaker on energy saving methods for 
the homeowner. 
1 2 3 4 
SD = • 31 MEAN = 4 .11 
38 Have students design methods of recycling or reducing 
energy/power requirements. 
1 2 3 4 
SD = .48 MEAN = 4.38 
39 Outline the educational requirements of workers in 
energy/power careers. 
1 2 3 4 





Technological Concept #5 
Develop a knowledge of the relationship and role of 
technology on society and the environment. 
STRONGLY 
DISAGREE 




40 Assess the impacts of consumer purchases on the 
development and use of energy/power technology. 
1 2 3 4 5 
SD= .74 MEAN = 4.11 
Comments or additional activities: 
190 
Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
41 Explain the limits and uses of power/energy and the 
resulting impact on society, culture and the 
environment. 
1 2 3 4 
SD = .67 MEAN = 4.00 
5 
42 Evaluate the impacts power/energy has on other systems 
of technology. 
1 2 3 4 
SD = .57 MEAN = 4.11 
* Modified 
43 Construct a solar collector or solar stove. 
1 2 3 4 
SD = .47 MEAN = 4.00 
44 Use the solar collector to: 
1. Boil water in copper tube in ten minutes. 
2. Cook a hot dog. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
45 Assess problems such as frozen pipes, weathering, 
overproduction of heat, control methods and cost and 
complexity of controls within a structure. 
1 2 3 4 






Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
46 Contact a local power company about their "buy back" of 
customer produced electricity. 
1 2 3 4 5 
SD = • 5 0 MEAN = 3.44 
47 Calculate and determine practicality of full-scale wind 
generators. 
1 2 3 4 5 
SD = .50 MEAN = 3.44 
48 Explain the environmental characteristics necessary for 
a wind generator site. 
1 2 3 4 
SD = .31 MEAN = 3.89 
49 Design an electrical generator using a ten speed and 
have students generate power equal to classroom 
requirements. 
1 2 3 4 
SD = • 4 2 MEAN= 3.78 
* Modified 
50 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
1 2 3 4 





Technological Concept #6 
Understand the limits and possibilities of technology. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
51 Determine energy usage of classroom activities. Assess 
costs and benefits from the energy usage. 
1 2 3 4 
SD = • 4 7 MEAN = 3.33 
52 Identify sources of hydroelectric power. Determine 
possible locations for power plants. Take into 
consideration the impacts on the bio-region. 
1 2 3 4 
SD = • 4 2 MEAN= 3.78 




Technological Concept #7 




DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
53 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
1 2 3 4 
SD = .57 MEAN = 4.11 
54 Have students design methods of recycling or reducing 
energy/power requirements. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
55 Outline the educational requirements of workers in 
energy/power careers. 
1 2 3 4 
SD = .68 MEAN = 3.44 
56 Assess the impacts of consumer purchases on the 
development and usage of energy/power technology. 
1 2 3 4 
SD= .71 MEAN = 4.00 






Technological Concept #8 
Gather, analyze, and evaluate data. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
57 Assess several appropriate sites for a wind generator 
on school grounds. Plot wind speed characteristics of 
each location for one month. 
1 2 3 4 5 
SD = .57 MEAN = 3.89 
58 Experiment with universal, permanent magnet, and 
synchronous motors. Students should be able to explain 
how electricity is converted to mechanical power. 
1 2 3 4 
SD = • 4 7 MEAN = 3.67 
59 Have students do an energy audit of their homes to 
determine heat loss. 
1 2 3 4 
SD = .50 MEAN = 4.44 
60 Identify sources of hydroelectric power. Determine 
possible locations for power plants. Take into 
consideration the impacts on the bio-region. 
1 2 3 4 
SD = .47 MEAN = 4.00 
61 Build a working model of a hydroelectric power plant. 
1 2 3 4 
SD = • 6 8 MEAN = 3.44 





Technological Concept #9 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
* Modified 
62 Assess several appropriate sites for a wind generator 
on school grounds. Plot wind speed characteristics of 
each location for one month. 
1 2 3 4 
SD = .50 MEAN = 3.44 
* Modified 
63 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
1 2 3 4 
SD = .67 MEAN = 3.67 
5 
5 
64 Determine energy usage of classroom activities. Assess 
costs and benefits from the energy usage. 
1 2 3 4 
SD = • 6 8 MEAN = 3.44 
65 Identify sources of hydroelectric power. Determine 
possible locations for power plants. Take into 
consideration the impacts on the bio-region. 
1 2 3 4 
SD = • 4 7 MEAN = 4.00 
66 Assess the impacts of consumer purchases on the 
development and use of energy/power technology. 
1 2 3 4 





Technological Concept #9 




DISAGREE NO OPINION AGREE 
67 Design back-up systems for power supplies . 
1 2 3 4 
SD = • 4 7 MEAN = 3.67 




Technological Concept #10 





DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
68 Compare career opportunities in energy/power 
technology. 
1 2 3 4 
SD = • 6 0 MEAN = 4.12 
69 Provide a guest speaker on energy/power careers and 
discuss the requirements for those careers. 
1 2 3 4 
SD = • 4 2 MEAN = 4.22 
70 Outline the educational requirements of workers in 
energy/power careers. 
1 2 3 4 
SD = .43 MEAN = 4.25 





Technological Concept #11 
Make wise consumer decisions on products and services. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
71 Calculate and determine practicality of full-scale 
electrical generators. 
1 2 3 4 
SD = .82 MEAN = 3.00 
72 Discuss and define terms of heat loss. 
1 2 3 4 
SD = .63 MEAN= 3.78 
5 
5 
73 Have students perform an energy audit of their homes to 
determine heat loss. 
1 2 3 4 
SD = .63 MEAN= 3.78 
* Modified 
74 Have students identify energy saving techniques for 
their homes. Compare savings and costs of 
improvements. 
1 2 3 4 
SD = .57 MEAN = 4 .11 
75 Provide a guest speaker on energy saving methods for 
the homeowner. 
1 2 3 4 





Technological Concept #11 
Make wise consumer decisions on products and services. 
STRONGLY 
DISAGREE 
DISAGREE NO OPINION AGREE STRONGLY 
AGREE 
76 Have students design methods of recycling or reducing 
energy/power requirements. 
1 2 3 4 
SD :: • 6 3 MEAN= 3.78 
77 Assess the impacts of consumer purchases on the 
development and use of energy/power technology. 
1 2 3 4 
SD = .67 MEAN = 4.00 
78 Design back-up systems for power supplies. 
1 2 3 4 
SD = • 7 0 MEAN = 3.62 





Explain the limits and uses of power/energy and the 
resulting impact on society, culture and the environment. 
Evaluate the impacts power/energy has on other systems of 
technology. 
Have students read topics related to the development of 
power/energy technology. 
Have students work in groups to develop a timeline of 
power/energy development. Be sure the students try to 
anticipate the future. 
Compare career opportunities in energy/power technology. 
200 
Provide a guest speaker on energy/power careers and discuss 
the requirements for those careers. 
Solar Energy 
Build solar siters. 
Construct a solar collector or solar stove. 
Use the solar collector to: 
1. Boil water in copper tube in ten minutes. 
2. Cook a hot dog. 
Have students design a solar collector or solar stove for 
their personal use. 
Have students measure the length of the overhang on their 
homes, and discuss the variations between homes and the 
effects of these variations. 
Assess problems such as frozen pipes, weathering, 
overproduction of heat, control methods and cost and 
complexity of controls within a structure. 
Wind Generators 
Use appropriate instruments, measure the output voltage and 
amperage produced by a model wind generator. 
Calculate the wattage in the above activity. 
Contact a local power company about their "buy back" of 
customer produced electricity. 
Calculate and determine practicality of full-scale wind 
generators. 
Explain the environmental characteristics necessary for a 
wind generator site. 
Assess several appropriate sites for a wind generator on 
school grounds. Plot wind speed characteristics of each 
location for one month. 
Transmitting Mechanical Power 
201 
Demonstrate and explain torque, gear reduction, combination 
gears, worm gears, etc. 
Demonstrate the principles of speed-power conversion on a 
ten speed bicycle. 
Design an electrical generator using a ten speed, and have 
students generate power equal to classroom requirements. 
Power Conversion 
Experiment with universal, permanent magnet and synchronous 
motors. Students should be able to explain how electricity 
is converted to mechanical power. 
Using permanent magnets and wire, construct a generator. 
Devise various ways to turn the generator, e.g., water 
wheel, wind, chipmunks, etc. 
Design a rubber-band powered vehicle using a given amount of 
material. Calculate horsepower, velocity and speed of the 
vehicle. Evaluate students vehicles for speed and guidance 
systems. 
Building Heat Loss and Energy Conservation 
Discuss and define terms of heat loss. 
Have students perform an energy audit of their homes to 
determine heat loss. 
Have students identify energy saving techniques for their 
homes. Compare savings and costs of improvements. 
Provide a guest speaker on energy saving methods for the 
homeowner. 
Determine energy usage of classroom activities. Assess 
costs and benefits from the energy usage. 
----------------------------------------- ·------ ~ 
202 
Other sources 
Identify sources of hydroelectric power. Determine possible 
locations for power plants. Take into consideration the 
impacts on the bio-region. 
Build a working model of a hydroelectric power plant. 
Impact 
Have students design methods of recycling or reducing 
energy/power requirements. 
Outline the educational requirements of workers in 
energy/power careers. 
Assess the impacts of consumer purchases on the development 
and usage of energy/power technology. 
Design back-up systems for power supplies. 
